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CHAPTFRI 
INTRODUCTION 
During the last decades the use of tissues and organs in clinical trans-
plantations has considerably increased, this has progressively raised the 
need of preservation methods for these organs or tissues Whereas organs 
of living donors have to ovei come only a minimal ischemic period during 
the transplantation a longer period will be necessary with cadaver or-
gans, in order to contact for instance the relatives of the deceased and 
to make the most accurate provisions in view of the successful trans-
plantation 
Amongst thesep/rc autions following ones are especially to be reckoned 
1 the certainty of the optimal condition of the organ by special treat-
ment of the donor, as soon as his death has been established whether 
this diagnosis has been made after ceasing the resuscitation or whether 
it has been accepted unanimously by a team of clinicians upon the esta-
blisment of the donor's brain death 
3 the finding of the most suitable recipient, by means of tissue typing 
and histocompatibility testing, this by an international organisation 
4 the methods required to keep up the optimal condition of the donor 
organ during the transport towards the adequate centre, if need be, 
over a long distance 
5 finally the receptor's pretreatment in the centre, up to the moment 
of the implantation of the donor organ in the recipient 
During the variable period necessary to meet these requirements, the 
donor organ has to be preserved as ideally as possible During the last 
years, such preservation methods have been developed, which have 
proved to be of clinical use and consequently have been applied particul-
arly in the international kidney transplantation system As surgical, tech-
nical and immunological problems of organ transplantations have gradual-
ly been solved, it is obvious that also the preservation methods should 
be further developed and extended, on the one hand to meet the specific 
organ requirements on the other hand to simplify as much as possible, 
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the methods which are used in order to reduce their financial and dimen-
tional aspects Many investigators worked on the problems of pieserva-
tion of kidney liver, and heart transplants, less attention however has 
been devoted to the preservation of pancreas tiansplants 
An explanation for this has to be found among the following factors 
1 pancreatic transplantation is not the only therfpeutic possibility 
to cure the various diseases of the pancreas, as и :ase of affections 
of other endocrine and exocrine organs, substitutioi preparations are 
available, these can temporarily guaid the patien against serious 
complications or immediate risks of life 
2 as there is not as much immediate need of par .reatic transplants, 
the experiments performed until now have mostly )fen directed to the 
substitution of other organs which indeed can p r e ent a loss of function 
which is of vital importance 
3 the results of the clinical pancreas transplan'a ions done until now, 
are not of that kind that they should justify th< it broad application, 
except in cases where the pancreatic disease ruy be coupled with 
complications leading to irreversible and hardly tr ε able functional dis­
turbances 
The problem which always arises, at each ch ncal transplantation, 
is, that the risk imposed by the transplantation it,f if should be smaller 
than the danger the patient is running without (r.msplantation In most 
clinical pancreas transplantations these ethical requirements have been 
met In the case of the patients suffering of ajuvet le diabetes, complica­
ted with a terminal kidney insufficiency, there iie indeed not many 
alternatives to offer It is difficult to dialyse these patients, m a dialytic 
program they keep a high morbidity and mortali/ rate and precisely 
on account of their diabetes, they are often refused for kidney transplanta­
tion Therefore, until now, only these patients have been taken into 
consideration for a pancreas transplantation 
However in diabetes mellitus pancreas transplantation will probably. 
be pieferred more and more to insulin substitution 
1 because lifelong injection therapy will no longer be necessary 
2 because a more adequate autoregulation of the pancreatic secretion 
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will be possible when it depends on a normally working graft, than 
when it depends on injections, this possibly better autoregulation will 
prevent acute complications due to over- or underdosing 
3 because injection therapy can induce insulin resistance which may 
lead to hyperglycemic coma in various stress situations 
4 because all physiologically important pancreatic secretions cannot 
be granted by administration of insulin alone These other functions 
are perhaps not all of immediate vital importance, but still, a lack of 
these active pancieatic secretions could cause chronic complications 
or deficiencies, which would not arise in transplantation (Reemtsma 
et al 1968) 
The profit of these pancreatic transplantations will appear clearer and 
clearer in the years to come Lillehei et al (1970) state that diabetes 
mellitus has become, for the entire western world, an important problem 
of health care, that threatens to take epidemic proportions 
Will pancreatic transplantations bring a lasting recovery from diabetes 
and prevention of its complications, or will it give a solution to the 
question, whether systemic vascular disease is the cause or the effect 
of the diabetes mellitus, in both cases a larger research in the field 
of pancreatic transplantation will be indispensable 
As a result of all this, we realize the great need of preservation methods 
of pancreatic grafts, based on experiences gained until now in pancreatic 
transplantation and in preservation studies of other organs 
Former considerations induced our personal experimental investiga-
tion 
13 
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CHAPTER II 
HISTORY OF PANCREATIC TRANSPLANTATION 
As for other organs with secretory functions, two sorts of transplanta­
tions of the pancreas have been performed: firstly, implantations of pan­
creatic tissue, secondly, transplantations of the pancreas by means of 
vascular anastomoses. 
A. IMPLANTATIONS OF PANCREATIC TISSUE 
Experimental as well as clinical techniques have been developed with 
the aim to implant heterotopically, either smaller or larger fragments 
of pancreas. 
A.l. EXPERIMENTAL IMPLANTATIONS OF SMALLER PANCREATIC 
FRAGMENTS were done by following investigators: 
a. In 1935 Selle grew pancreatic fragments of canine foetuses and 
of grown-up dogs in which the pancreatic duct had been previously 
ligated; he transplanted them afterwards subcutaneously in the axilla 
or in the groin of other pancreatectomized dogs. It appeared however 
that the grafts had no active function and disappeared completely within 
three weeks. 
b. In 1951 Browning and Resnick implanted embryonic pancreatic 
tissue of mice, in the anterior eye chamber or in the subcutis of other 
mice, which were made diabetic by alloxan; in some cases they got 
a decrease of glycosuria but no long term survival of the implants. 
с In 1960 Coupland similarly made use of foetal rat pancreatic tissue. 
He observed regeneration of islet cells out of ductal tissue. 
d. In 1960 Du Bois and Gonet implanted foetal pancreatic fragments 
of rats in the testes of other albino rats, made diabetic by alloxan; hyper­
glycemia in recipients disappeared within 48 hours; moreover injections 
of testes preparations from these rats in other normal rats caused a 
hypoglycemic coma with death within two hours. 
e. In 1962 House and others performed allotransplantations of neona­
tal pancreas fragments of hamsters in the cheekpouches of full-grown 
alloxan-diabetic hamsters; the authors however did not give information 
about the long term graft function. 
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f ¡η 1963 Hiiltqiust and Thai ell implanted, after previous ductal 
ligation islets from rat pancreas in the anterior eye chamber of the 
same and of other lats, 90% ot the autotiansplants and SOÇf of the 
allotransplants survived histologically during one month 
g ¡η 1966 Gonet and Renold extended their previous studies and 
obtained a 209f success-rate with pancreatic transplantations in rats 
h In 1966 Suk et cd implanted, as House et al (1962), neonatal pancre­
atic tissue of golden hamsters in the cheekpouches of full-grown alloxan-
diabetic hamsters, treated with insulin, cortisone and tolbutamide They 
showed that the grafts had an insulinlike activity, but they couldn't 
correlate this activity with the graft survival 
ι In 1968 Mac chi et cd howevercould prove that, when these recipient 
hamsters were young and treated with chlotpiopamide, Langerhans' 
islets could be found even up to 40 days after implantation 
j In 1972 Ft'fguson and Scothome achieved with isolated pancreatic 
islets, obtained by means of the method of Hellerstrom (1964), long 
survival times m isotransplantations (up to 90 days) as well as in allotrans­
plantations (up to 11 weeks) by doing an intratesticular implantation 
of the grafts in guinea pigs, this was possibly due to less immunological 
reactions on account of this localization 
к In ¡972 Ballmgcr and Lacy implanted pancreatic islets, isolated 
by means of the Ficoll-modified technique of Lacy and Kostianovsky 
(1967) in rats, made diabetic by streptozotocin With isografts as well 
as with allografts, they achieved a normalization of the glycemia The 
rats even lived for quite a long time (mean 5 weeks) However, some 
weeks after intraperitoneal implantation, the investigators could not find 
back any pancreatic islet 
I Last mentioned finding was, however, achieved by Gates et al 
m 1972, who used New Zealand Obese Mice These authors implanted 
intrapentoneally pancreatic islets of normal albino mice and obtained 
functional long term survivals reaching even 10 weeks 
A 2 CLINICAL IMPLANTATIONS OF SMALLER PANCREATIC FRAGMFNTS 
were also performed 
a In 1959 Biooks and Gifford used pancreatic fragments of a stillborn 
neonate and implanted them in the M quadriceps of his diabetic mother, 
the latter received daily 15 mg cortisone postoperatively They also 
used smaller strips of islet cell tissue and implanted them subcutaneously 
in two diabetic patients With these two kinds of transplants, reduced 
16 
insulin needs were noticed among some patients, but there was no indica-
tion of a lasting function of the grafts. 
b. Gaillard obtained a temporary success with one patient after allo-
implantation of islet cell tissue near the A.axillaris of a diabetic patient, 
after pancreatic fragments of the donor had been grown in the recipient's 
serum. 
A l NEXT TO IT, BIGGER PANCREATIC 1 RAGMENTS WF RE 
EXPERIMENTALLY IMPI ANTED BY FOLLOWING INVESTIGATORS 
a. In 1892 Minkowski transplanted a pedicled pancreatic lobe from 
its original place to the abdominal wall, as a part of his research which 
showed the relation between pancreas and diabetes. 
b. In 1892 Hédon performed a staged technique of pancreatic 
autotransplantation in dogs in which a part of the vascularized pancreas 
was moved to the subcutis, whilst the remainder of the pancreas was 
removed. In a second stage the vascular pedicle was ligated without 
loss of function of the islets. Excision of the graft however resulted 
in the occurrence of hyperglycemia and glycosuria. 
с In 1902 Ssobolew could prove in non pedicled autotransplants, that 
exocrine parts atrophied while the islets of Langerhans remained micro­
scopically well preserved until 130 days after transplantation. 
d. In 1926 Ivy and Farei! also used, in the same way as Hédon (1892), 
the staged technique of pancreatic autotransplantation. First, the proces-
sus uncinatus of a canine pancreas was moved without blood-vessel 
interruption to the abdominal subcutis. In contrast to Hédon (1892) they 
maintained the exocrine gland function by making a pancreaticocutane-
ous fistula; some 3 or 4 weeks later, the vascular pedicle was ligated. 
All these autotransplants survived and functioned through a new ingrown 
blood supply. 
e. In 1953 Liddle et al. established, on the contrary, that allotransplants 
of embryonic or newborn dog pancreas in the thigh-muscle of full-grown 
dogs were unsuccessful. 
f. In 1957 Rundles and Swan also used Hédon's (1892) staged method; 
yet this time these investigators implanted dog pancreas in the rectus 
abdominis muscle, after which in a second stage the autonomously living 
transplant was even transferred to a new localization in the abdominal 
wall. They still showed function of the autotransplant even after the 
second transfer. 
g. In 1959 Brooks and Gifford used the above-mentioned technique 
of Hédon (1892) and, as Rundles and Swan (1957), implanted the proces-
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sus uncinatiis of the dog pancreas in the rectus abdominis lYuisclc. They 
too obtained survival and function of the giaft Moreover, these authors 
examined even the possibility of an allotransplantation according to this 
method; for this purpose they exchanged the autoimplants between two 
dogs, again using the rectus abdominis muscle. As with the aulotrans-
plants of l.iddle et al. (1951) these autotransplants also became unfunc-
tional and were rapidly absorbed. 
h. In 1963 Reemtsimi ci al. also established that allotransplants of 
larger pancreatic fragments, namely corpus and tail, in the subcutis of 
the groin of recipients which had undergone a pancreatectomy, brought 
no change of the hyperglycemia in these recipients. 
To ι onclude we can say that autoimplantations of pancreatic fragments 
appeared to be possible; but when allotransplantations were done without 
vascular anastomosis, only sroaller fiagments could be used, whereas, 
besides, the functional result was merely relative and temporary. 
Therefore these implantation methods of pancreatic fragmentó were but 
scarcely applied in clinical transplantation; at the moment, practically 
only techniques, in which vascularanastomoses are applied, are currently 
used. 
B. PANCREATIC TRANSPLANTATIONS BY MEANS OF 
VASCULAR ANASTOMOSES 
Just as for other organs, namely lung, heart, liver, kidney and intestine, 
it became evident that for the pancreas, the techniques which made 
use of vascular anastomoses, produced the best results. 
Two methods were applied: 
1. one which uses only the pancreas as a transplant. 
2. one which uses the entire pancreaticoduodenal block. 
B.l. EXPERIMENTAL TRANSPLANTATIONS 
B.I.I. Transplantations of the pancreas only 
These transplantations were nearly always performed heterotopically. 
They can be partial or total. 
a. In 1927 Gayet and Guillaumie performed, successfully for the first 
time, vascular anastomoses upon cannules in canine pancreas trans-
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plantation The giaft loweied the glycemia in the diabetic recipient during 
12 hours after tiansplantation 
b In 1936 Bottm made similar studies and obtained a 7 days sui vivai 
aftei allotransplantation of canine pancreas in the neck of an other dog 
by means ot carotidojugulai anastomoses The author did not mention 
whether the allotransplant did function or not 
с In /957 Luhtenstim and But sc hak transplanted for the first time 
the processus uncmatus of a dog pancreas by means of direct vascular 
sutures Vascular anastomoses were done end to end between the iliac 
vessels of the lecipient and the A mesenterica superici and the V 
portae of the donor Technically the transplantation was successful, 
but as the investigators did not try to eliminate the own pancreatic func­
tion, it was not possible to evaluate the function of the transplant More-
ovei, at re-exploiation, 6 to 8 weeks later, histologically no indication 
for graft survival could be shown 
d ¡n 1959 the already mentioned authors Brooks and Gifford used 
a vascular suture technique to allotransplant a total canine pancreas 
in a normal dog For this purpose they used the aorta and V iliaca 
of the recipient However, they did not obtain functioning transplants 
because of thrombosis and/or hemorrhagic pancreatitis in the allograft, 
shortly after the transplantation They thought that this was due to an 
autodigestion of the gland, as a result of the ligation of the pancieatic 
duct 
e In 1962 Linas et al transplanted the pancreas tail of dogs in the 
groin of other dogs in which a pancreatectomy had been performed 
The transplantation was done by anastomosing the A coeliaca and V 
pottae of the donor end to side upon the recipient's femoral vessels 
f In 1963 the same team, under the direction of Reemtsma showed 
an immediate function of a pancreas tail allotransplant m a 
pancreatectomized recipient Using the same technique as mentioned 
above they obtained a survival of the transplant for more than two 
weeks They established that previous duct ligation resulted in a better 
immediate endocrine function of the graft, although in the long term 
the survival time did not increase Although they used immunosuppres-
sive drugs, they did not obtain survivals lasting more than two weeks 
g In 1965 Bergan et al changed Reemtsma's technique in so far 
that, on the one hand, they used a total pancreatic graft and, on the 
other hand, they performed the anastomoses end to side between the 
same donor vessels (A coeliaca and V portae) but different recipient 
vessels namely aorta and V cava inferior These authors also obtained 
functioning grafts for one week after transplantation 
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Fig. 1. Technique of Lucas et al. 
(1962) 
7. A. femoralisR 
8. V. femoralisH 
12. A. lienahsD 
13. V. lienalisD 
Fig. 2. Technique of Bergan et al. 
(1965) 
1. Aorta11 
2. V. cavaR 
4. A. iIiacaR 
V. iliaca11 5. 
15. 
16. 
10. V. portaeD 
11. A. coeliacaD 
12. A. lienalisD 
13. V. lienalisD 
A. pancreaticoduodenalis 
superiorD 
V. pancrcaticoduodenalis 
superiorD 
h. In 1966 Chaya et al. described canine partial pancreatic transplants 
of head and corpus with anastomoses of A.coeliaca and 
V.pancreaticoduodenalis end to end with the femoral vessels. Some two 
or three months before, the donor pancreatic ducts had been ligated, 
while one to 6 days before a total recipient pancreatectomy had been 
performed. All recipients received immunosuppressive drugs, namely 
azathioprine (2 mg./kg. P.O.) and cortisone (50 mg. I.M.) until death. 
In 22 of the 24 dogs a good internal function was obtained. In 12 of 
them (50%) especially vascular problems were again the cause of failure 
(thrombosis in 11 from the 12). According to these authors the immuno-
suppression did scarcely influence the survival time of the allografts. 
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Fig. 3. Technique of Chaya el al. 
(1966) 
7. A. femoralisR 
8. V. femoralisR 
11. A. pancreaticoduodenalis 
superior0 
16. V. pancreaticoduodenalis 
superior15 
19. Ductus pancreaticus 
i. In 1969 Couinaud and Malta-Bey described techniques forcorporeo-
caudal pancreatic allotransplantation whereby, after previous total duo-
denopancreatectomy, orthotopic or heterotopic pancreas implantations 
were done. Splenic arterial and venous end tot end anastomoses, as 
well as venous splenoD -portal" anastomoses were performed. Accord-
ing to these authors this type of pancreatic transplantations would be 
preferable, since it gives the possibility of using living donors. 
j . ¡n 1969 Huguet et al. compared the results they had obtained in 
partial transplantation of canine pancreas, with those gained in the pan-
creaticoduodenal orthotopic transplantation. The partial pancreatic 
transplants were once more divided into two groups according to the 
fact whether or not immunosuppression was applied. For these partial 
transplants the corporeocaudal part of the pancreas was used and im-
planted in the right fossa iliaca by means of anastomoses of the 
A.coeliaca0 -A.iliaca^ end to end and V.lienalis0 -V.iliacaR end to side. 
Pancreatectomy had been carried out in the recipient 2 to 6 days before. 
They noticed that in contrast to the pancreaticoduodenal grafts, partial 
pancreatic grafts were characterized by a high percentage of vascular 
thromboses (40%). Further on they found regularly hypoglycemia as 
a result of the heterotopic transplantation with draining in the cavai 
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system. It seemed that immunosuppression did increase ihe average 
functional survival from II to 19 days. These authors did not notice 
pancieatitis. 
Fig. 4 Technique of Huguet et al (1969) 
1. AortaH 10. V. portaeD 
2. V. cavaR 11. A. jliacaD 
4. A. iliacaR 12. A. lienalisD 
5. V. ihacaR 13. V. lienalisD 
15. A. pancreaticoduodenahs superior1 3 
16. V. pancreaticoduodenahs superior1 3 
k. In 1971 Pemberton and Mana ν transplanted pancreatic tails of dogs, 
of which the pancreatic ducts had been previously ligated, in the neck 
of other alloxan-diabetic dogs, using carotidojugular anastomoses. Only 
one third of the allografts proved to be successful. Nevertheless these 
investigators obtained functional survivals for up to 32 days without 
administration of immunosuppressive drugs. 
1. In 1972a de Gmyl et al. performed total pancreatic allotransplanta­
tions in dogs and confirmed the statement of Bergan et al. (1965) that, 
in contrast to identical autotransplantations, these allotransplantations 
were indeed technically possible. They obtained functional survivals 
up to 40 days when the dogs were DL-A histocompatible, whereas the 
survivals were only up to 12 days when the dogs were histoincompatible. 
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В. 1.2. Tiunsplantations of the pam reutU oduoilenal block 
В. 1.2.1. Heterotopk transplantations 
a. in ¡927 Dclezi'iine et al. out of Gay et's school, reported pancreatico-
duodenal transplantations, whereby anastomoses upon cannules were 
made with the carotidojugular circulation in order to assess pancreatic 
secretion. 
b. ¡n 1927 Hoiibsay and Molinelli also performed, independent of Gay-
et's school, transplantations with vascular anastomoses upon (annules. 
Houssay and his co-operators also used the duodenopancreas and achiev-
ed, as they mentioned in I929blc, regulation of the blood glucose, foi 
periods up to 12 hours, in pancreatectomized or diabetic dogs. Further-
more, in 1929a Houssay described accurately the technique he followed 
for the pancreaticoduodenal implantation in the neck. 
с In 1962 De Jode and Howard used the direct vascular suture techni­
que to allotransplant canine duodenopancreas in the groin of other dogs. 
The A.coeliaca and V.portae were anastomosed with the femoral vessels 
of the recipient. A duodenocutaneostomy was carried out to drain and 
collect external secretions. A good internal and external function was 
obtained with an average survival of 6 days. In 7 from the 21 dogs 
recipient pancreatectomy was done. Immunosuppression was not ap­
plied. According to these authors, the most important causes of failure 
were vascular problems, occurring in 4 out of 21 dogs as venous 
thrombosis, in 1 out of 21 as arterial thrombosis and in 1 out of 21 
as anastomotic hemorrhage (in total 289c). 
d. ¡n I966alb Seddon and Howard investigated the endocrine and 
exocrine function of transplants, implanted according to the method 
of de Jode and Howard (1962). They divided their canine material into 
two groups, whether or not pancreatectomy had been performed in the 
recipient. It appeared that exocrine function was to be seen during 5 
to 6 days in not pancreatectomized dogs and that a raise of serum lipase 
concurred with the beginning of rejection; on the other hand the endocrine 
function subsisted longer than the exocrine function, in one dog even 
during 75 days. Immunosuppression was not applied. 
e. In 1967 Bergan andTeixeira carried out heterotopic pancreaticoduo-
denal transplantations in 20 dogs and compared them with isolated total 
pancreatic grafts. In one half of the group the pancreatic duct was ligated, 
in the other half it was not. A recipient's pancreatectomy was not 
performed. It was established that, while glycemia remained normal, 
the insulinemia rose directly after transplantation and the amylasemia 
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late postoperatively. They concluded that, on the one hand heterotopic 
allografts gave rise to quick and important hyperinsulinemia and that, 
on the other hand hyperamylasemia was a faster parameter for rejection 
than hyperglycemia. 
f. In 1967 Ota et al. modified the method of De Jode and Howard 
(1962): firstly they did not anastomose the femoral vessels but the A. 
and V. iliaca communis of the recipient, end to end with the A.coeliaca, 
and end to side with the V.portae of the donor; secondly they performed 
an end to side duodeno-duodenostomy and finally they administered 
azathioprine postoperatively (6 mg/kg) on a group of them. Recipient's 
pancreatectomy was done in all the cases. They obtained a good internal 
function, survivals lasting 22 days for the group that had been treated 
with Imuran®, 10 days for the control group, which did not receive 
azathioprine. Histologically however it appeared that azathioprine could 
prevent only the acute rejection, but not the chronic one. 
Fig. 5. Technique of Ota et al. Fig. 6. Technique of Idezuki el al. (1968) 
(1967) 1. AortaR 11. A. coehacaD 
1. AortaR 10. V. portaeD 2. V. cavaR 18. JejunumR 
2. V. cavaR 11. A. coehacaD 10. V. porteaD 20. Duodenum13 
4. A. iliacaR 18. JejunumR 
5. V. iliacaR 20. Duodenum^ 
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g. In 1968b Idezuki et ai. used for the anastomoses the aorta and 
V.cava as recipient's vessels and the A.coeliaca and V.portae of the 
donor. In the same way as Ota et al. (1967) they did 'ddiwdenojejunosto-
my, but in contrast with just mentioned authors, they performed immedi-
ately before the transplantation, a duodenopancreatectomy on the recip-
ient, followed by a gastrojejunostomy and a cholecystojejunostomy. 
Besides, as we will see later on, Idezuki et al. (1968b) also implanted 
preserved grafts. For immunosuppression they administered azathiopri-
ne, steroids and A.L.S. They stressed the fact that a very careful manipu-
lation of the pancreaticoduodenal graft was essential to obtain a good 
result. These authors obtained for the first time, even with their preserved 
grafts, long-term survivals, reaching up to 169 days, as they reported 
in 1969b. Endocrine function was controlled by means of jejune glycemia, 
circulating plasma insulin and G.T.T. 
h. In 1969 Murât et al. used as Ota et al. (1967) the recipient'!, iliac-
vessels to anastomose with the donor's aorta and V.portae, but they 
performed a duodenostomy on a cannule to collect the produced 
pancreatic juice of the heterotopically implanted graft. 
Fig. 7. Technique oj Mural et al. (1967) 
1. AortaR 9. AortaD 
2. V. cava« 10. V. portaeD 
4. A. iliacaR 12. A. lienalisD 
5. V. iliacaR 13 V. lienalisD 
15. A. pancreaticoduodenalis superior0 
17. V. mesenterica superior13 
20. DuodenumD 
22. Duodenocutaneostomy 
25 
In the 12 recipient dogs the-/ performed a р(іп<.гешеаот\ 27 to 471 
days bifore while in the interval 9 to 22 U insulin was given Immuno 
suppression was not applied They obtained survivals up to Π days 
In 3 out of 12 cases thrombosis was the cause of death With their 
cannula-duodenostomy they could establish the quickest rejection para 
meters In contrast to the serum glycemia changes in the volume of 
the secreted pancreatic juice, as well as concentration of chlorine and 
bicarbonate in the pancreatic juice gave a much earlier indication of 
the rejection periods Furthermore in 3 out of 12 cases they showed 
an early postoperative hypoglycemia 
ι ¡n 1969 Himal et al made also use of the technique of anastomoses, 
used by Murat et al (1969), namely the iliac vessels, they used however 
the left iliac vessels of the recipient and the A coelica and V portae 
of the donor, they too, performed a duodenostomy on a cannule in 
order to collect the external secretion Out of 30 transplanted dogs, 
which all had undergone pancreatectomy according to Markowitz ( 1964) 
2 or 3 days before, they noticed in 14 cases (± 50%) a fatal venous 
thrombosis, whereas in 9 cases pneumonia was the cause of death, with 
an average survival of 6 days The 7 remaining dogs died from rejection 
Roughly the survival of the 16 'successful' transplants lasted an average 
of 10 days (6-41 days) Immunosuppressives had not been given They 
noticed a longer function of the endocrine gland (mean 8,5 days) than 
of the exocrine gland (mean 4-6 days) 
j In 1970 Thau et al used the technique of De Jode and Howard 
(1962), however with the aorta and V cava as recipient vessels instead 
of the femoral vessels In a series of 41 experiments, they too noted 
a high mortality rate in the first 48 hours (50%), essentially due to bleeding 
and thrombosis Hyperglycemia, hyperamylasemia and decreasing pan-
creatic secretion, collected at the duodenocutaneostomy, were found 
to be the best rejection parameters Definite results with immunosuppres-
sion were not reported by the authors, except that the survival of three 
dogs, treated with azathioprme, reached a mean of 14 days 
к In ¡971 Grenier et al made mention of 15 pancreaticoduodenal 
allografts in dogs by means of the technique of Idezuki et al (1968b), 
they achieved with immunosuppression an average survival of 18 days 
They established that the glucose tolerance test was a reliable parameter 
for rejection, because the second phase of the diphasic insulin response 
based on the production of a new synthetized insulin was held off in 
the case of rejection 
1 In 197¡b ZimniLrmann and Hell used in conti ast to Ota et al (1967) 
and Idezuki et al (1968b) the A iliaca and V cava as recipient vessels 
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and carried out a Roux-Y-duodenojejunostomy. They proved in a 
comparative series, that better results were obtained with an anastomosis 
on the V.cava in contrast with the V.iliaca, as used by Ota et al. (1967), 
because, on account of this, less venous thrombosis and pancreatitis 
appeared to occur. They thought that the use of the Roux-Y-loop protect-
ed the graft against the influence of the recipient's intestinal content. 
They further showed that a daily dose of 4 mg/kg azathioprine and 
2 mg/kg prednisolone was necessary to prevent rejection crises. Only 
in a few cases they could notice a quick postoperatively appearing hypo-
glycemia as a result of the heterotopic implantation with cavai drainage. 
Fi£. 5. Technique of Zimmermann et al. (1971) 
1. Aorta 11. A. coeliacaD 
2. V. cavaR 12. A. lienalisD 
4. A. ihacaH 13. V. henahsD 
5. V. iliacaR 18. JejunumR 
10. V. portaeD 20 DuodenumD 
For the first time, these authors tried to obtain a long-term preservation 
of their transplants by means of freezing after adjunction of a cryo-
phylacticum. Although they could not equal the results of Idezuki et 
al. (1968a), they still obtained in 50% of the cases an obvious endocrine 
function of the preserved grafts. Moreover, these authors did for the 
first time, as they reported in 1972b, transplantations in pigs, of which 
is known that they seem to tolerate allografts better than dogs do. These 
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authors could prove this for pancreaticoduodenal transplants, in this 
way they even kept a pig alive up to 260 days after transplantation 
Finally, they showed in above-cited investigations that angiography, as 
well as scintigraphy of the graft, could be more important rejection para­
meters than biochemical values 
m In 1972a Sells et al also used pigs, to perform pancreaticoduodenal 
allotransplantations Out of 19 pigs, 12 in this series survived without 
immunosuppression, for 11 to 50 days, confirming hereby the impression 
that pig pancreatic grafts are better tolerated than canine ones 
Furthermore these authors performed comparative studies of orthotopic 
and heterotopic transplantations and noted between both groups differen­
ces in glucose and insulin values after glucose loading 
В 1 2 2 Orthotopic transplantations 
a Among the Lillehei's group, Largiader et al reported for the first 
time in/966, of a series of dogs, which after their duodenopancreatectomy 
received an orthotopic pancreaticoduodenal allograft with coeliaco0 -
aorticR and porto 0 -cavalR anastomosis, followed by end to end gastro-
duodenostomy and end to side duodenoduodenostomy 
In /967a they compared their results with those which they obtained 
with heterotopic cervical autotransplants and with orthotopic autotrans-
plants with coeliacoD -aortic" and porto1' -cavaiR anastomoses and duo-
denocutaneostomy Although their first 13 orthotopic allotransplants did 
fail, especially on account of vascular thromboses, their next 12 tran­
splants stayed functionally alive during 4 to 9 days Next to antibiotics 
some of the dogs received azathioprine 
As Largiader et al mentioned later on m 1967c, a normothermic 
ischemic period of 4 hours proved to have no influence on the glycemia 
Like Seddon and Howard (1966), they considered hyperglycemia as a 
late rejection parameter Besides in 1967b Largiader described a few 
modifications of his technique, whereby, among others, an end to side 
porto d-portal г anastomosis had been done 
b Orthotopic pancreaticoduodenal transplantations were also 
performed by some investigators, already mentroned, for instance 
Huguet et al (1969), Idezuki et al (1968b) and Sells et al (1972a) 
Their techniques varied depending on blood-vessel anastomoses and 
interposition of the grafted duodenum in the gastrointestinal tract The 
results obtained with these orthotopic grafts were compared with those 
after heterotopic pancreaticoduodenal transplantations or isolated pan­
creatic grafts 
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Fig. 9. Technique of Largiadèr et al. 
{1966) 
1. A o r t a l 12. A. lienalisD 
2. V. cavaR 13. V. lienalisD 
10. V. portaeD 18. JejunumR 
11. A coeliacaD 20. Duodenum 0 
Fig. 10. Technique of Selis et al. 
(1972) 
1. AortaR 
2. V. cavaR 
3. V. portaeR 
9. AorlaD 
14. A. mesenterica superior13 
18. JejunumR 
20. DuodenumD 
10. V. portaeD 
11. A. coeliacaD 
12. A. lienalisD 
13. V. lienalisD 
B.2. CLINICAL TRANSPLANTATIONS 
As mentioned ¡η the second chapter, the first clinical transplantations 
of pancreatic fragments were done by Brooks and Gifford (1959), in 
6 diabetic women; small pancreatic pieces from the dead-born children 
of these women were used for grafting. No results of these transplanta­
tions were given, except that a temporary decrease of the insulin needs 
was observed. Later on, after extensive experimental studies on 
pancreatic transplantation, done by Lillehei and his associates in Minnea­
polis, Minnesota, Kelly, a surgeon out of their group, performed for 
the first time, on December 17th 1966, a human partial pancreatic trans-
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plantation (Kelly et al. 1967). Several other clinical transplantations were 
done in the following years, especially in diabetic patients suffering from 
terminal renal insufficiency. 
Fig. 11. Technique, u\ed by Lillehei el al. in clinical 
transplantations 
1. AortaH 11 A. coeliacaD 
2. V. cavaR 16. V. pancreaticoduodenalis superior0 
4. A. iliacaR 18. JejummiR 
5. V. iliacaR 20. Duodenum0 
The results, as far as they are available in literature, are given in table 1. 
Biicherl's data proved that, from the beginning, clinical pancreatic trans-
plantations gave relatively good results. In 1968 he pointed out that, 
up to that moment, 3 clinical pancreatic transplantations had been 
performed, with regard to 682 experimental pancreatic transplantations, 
whereas the survival time, in one of the three clinical transplantations 
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lasted 4 months more than the maximal survival period of any of the 
experimental grafts (8 instead of 4 months). Such a result had never 
been achieved with any other organ. He thought that one of the reasons 
was the better clinical care of the patients, than of the experimental 
animals. It appeared from the first Organ Transplant Registry-report 
(Merkel et al. 1971b) that, until November 7th 1970, 23 clinical 
transplantations had been performed, apart from the previous transplan-
tations performed by Brooks and Gifford. Seven of these (± 32%) survi-
ved more than 3 months. The longest suvival of a patient with a function-
ing transplant, amounted to 12 months. Apart from two patients, one 
dying 10 months after transplantation, because of a car accident, and 
another still alive at that moment (2 months after transplantation), the 
most important death causes were the following ones: 
a. in those patients who survived less than 3 months (15 patients) 
a.l. sepsis: for instance one pulmonary sepsis as a result of Candida 
infection. 
a.2. surgical complications: for instance leakage of the gallbladder 
or leakage of a jejunostomy (for polypectomy). 
a.3. technical failure on account of the transplant. 
a.4. technical failure owing to the procedure itself, especially arterial 
obstruction and venous thrombosis. 
b. in those patients who survived more than 3 months (6 patients) 
b. 1. duodenal ulcers 
b.1.1. found at post-mortem examination (twice) 
b.1.2. causing perforation and death (one) 
b.1.3. causing perforation with recovery after treatment (twice) 
b.2. kidney rejection with complications (i.e.hyperpotassemy) 
b.3. sepsis 
In 6 out of 23 patients the transplant had to be removed on account 
of rejection or non-function. 
From the experience, gained by Lillehei et al., it was obvious that rejec-
tion was more frequent in the renal grafts than in the pancreaticoduodenal 
transplants. These authors believed that the various organs had a different 
antigenicity, increasing in the following order of succession: pancreas, 
liver, kidney, heart, skin. 
Furthermore, it seemed that renal grafts were rejected more quickly 
when they were associated with pancreaticoduodenal transplants (Merkel 
et al. 1970). Essential however for the continuation of pancreatic trans-
plantations in diabetics, remains the question whether these grafts could 
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Date 
1956-59 
(6x) 
1960-62 
(2X) 
17-12-66 
31-12-66 
25-8-67 
4-3-68 
11-10-68 
3-6-69 
11-7-69 
7-9-69 
10-69 
15-12-69 
1969 
1969 
27-1-70 
19-3-70 
Author 
Brooks & 
Gifford 
Brooks & 
Gifford 
Kelly 
Lillehei 
>» 
» 
» 
M 
» 
Connolly 
Lillehei 
Teixeira & 
Bergan 
Couinaud & 
Malta-Bey 
Lillehei 
„ 
Pat 
age 
7 
7 
28 
32 
37 
44 
31 
34 
28 
34 
32 
34 
28 
7 
30 
20 
ent 
sex 
W 
? 
W 
w 
M 
w 
w 
M 
w 
M 
w 
w 
M 
? 
M 
M 
IndicatioD 
Diabetes 
Diabetes 
Diabetic 
TRI + RP 
Diabetic 
TRI + RP 
" 
Diabetic 
TRI + R P + N P 
Diabetic 
TRI + RP 
Diabetic 
TRI + NP 
+ PVD 
Diabetic 
TRI 
Diabetic 
TRI + RP 
Diabetic 
TRI 
» 
Diabetic 
T R I + N P 
7 
Diabetic 
TRI 
11 
Technique 
Ρ 
Ρ 
R + p 
R + PD 
(D-stomy) 
» 
PD 
(D-stomy) 
R + PD 
(D-stomy) 
R + P D 
(Roux-Y) 
,, 
» 
» 
» 
Ρ 
7 
R + P D 
(Roux-Y) 
» 
Function 
R Ρ 
— 
" 
0 
+ 
0 
— 
+ 
+ 
+ 
+ + + 
0 
+ + + + 
+ + + + + 
+ + + 
0 
+ + 
+ + + 
+ + + + 
— 
7 
+ + 
+ + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ 
7 
Alive 
(m) 
7 
•> 
3 
4 % 
1 
1 
5V2 
Cause of death 
7 
<> 
Lung-embolus 
(Transplantectomy 
after 2 m) 
Sepsis 
Sepsis 
(Transplantectomy 
after г m) 
Sepsis 
Acute hyperpotassemy 
12% Sepsis 
(Renal transplantectomy 
after 10 m) 
У4 
7 
8 + 
1 
9 + 
? 
+ + + + 5 + 
1 
+ + + + 1 
Sepsis 
Acute duodenal 
graft perforation 
— 
Acute renal and 
duodenal necrosis 
Only pancreatic function 
during five days 
7 
~ 
Sepsis 
4-11-70 
1970 
1970 
1970 
? 
7 
7 
9 
7 
? 
1971 
1972 
Merkel & 
Bergan 
Lillehei 
Bartagaray 
& Viaggio 
»» 
Alexander 
Merkel 
Gliedman 
Lillehei 
Raia 
Vasconcelos 
Gliedman 
»> 
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18 
? 
? 
? 
? 
? 
•} 
7 
7 
? 
7 
M 
W 
7 
? 
? 
? 
7 
? 
? 
? 
7 
7 
Diabetic 
T R I + R P + N P 
Diabetes 
+RP 
Diabetes 
+Coronary 
sclerosis 
Diabetes 
7 
? 
Diabetes 
? 
? 
7 
Diabetes 
? 
R + PD 
(D-J-stomy) 
PD 
(Roux-Y) 
Ρ 
Ρ 
7 
? 
? 
7 
? 
7 
ρ (Wirsungo-
ureterostomy) 
It 
+ + + 
— 
? 
7 
•> 
1 
·} 
? 
— 
— 
+ + + + 
+ + + 
+ + + 
+ + + + 
7 
? 
? 
7 
7 
7 
+ + + + 
? 
1% 
+ 
+ 
16 
1У4 
У4 
? 
7 
? 
7 
7 
? 
Perforation of 
pelvic abscess 
Transplantectomy 
after 1 week 
Transplantectomy 
after 6 days 
Cerebral vascular 
accident (Trans­
plantectomy after 
4 months) 
Sepsis 
Sepsis 
? 
7 
? 
7 
Ί 
о 
Table 1. Survey of clinical transplantations mentioned in literature. 
TRI 
RP 
R 
PD 
D-stomy 
NP 
PVD 
Ρ 
D-J-stomy 
+ to + + + 
+ + + + 
8 + 
7 
: terminal reaal insufficiency. 
: retinopathy. 
: renal graft. 
: pancreaticoduodenal graft. 
: duodenostomy. 
: neuropathy. 
: peripheral vascular disease. 
: partial pancreatic graft. 
: duodenojejunostomy. 
: slight to good function. 
: excellent function (as to pancreatic graft, no need of insulin at all). 
: alive more than 8 months. 
: unknown on basis of insufficient literary data. 
have a favourable influence on vascular complications of diabetes melli-
tus or not. 
Should the survivals after pancreatic transplantations become so long, 
that this question could be answered, then it is possible that, in the 
future, the pancreas would become the most transplanted organ. 
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CHAPTER III 
HISTORY OF PANCREATIC PRESERVATION 
On account of the bad long-term results seen in experimental pancreatic 
transplantation, it is only since a few years that preservation studies 
of such grafts have been undertaken 
Yet, previously, techniques had already been developed, whereby, either 
in vivo, or in vitro, perfusions ot the pancreas had been done 
In this way,Babkin and Starling (1926) studied the influence of secretin 
on the external secretion of the pancreas by perfusing the isolated duode-
nopancreas with blood after cannulating the A pancreaticoduodenalis 
and the V portae 
In 1947, Anderson and Long also perfused isolated rat pancreas to 
trace the influence of hyperglycemia on the insulin production 
Grodsk\ et al in 1963, as well as Sussmann et al m 1966, also used 
perfusion apparatuses to study the insulin secretion of an isolated rat 
pancreas after carbohydiate administration 
Finally, Mehnert et al m 1962, Schafer et al in 1962, Nardi et al 
m 1963. Greep m ¡967 Grenier et al m 1969, and others made use 
of perfusions with extracoi porcai circulation to carry out various investi-
gations on internal and external pancreatic secretion, in normal and 
pathologic conditions 
The preservation of living organs consistently improved by the work 
oí Carrel and Lindbergh who introduced, in 1938, a pulsatile perfusion 
technique with which it became possible to preserve organs Their book 
'The Culture of Organs' indicated, that the tact of preserving isolated 
organs in vitro, entailed a series of drastic factors interfering with normal 
function 
Some attempts to lenghten the functional life of isolated organs, made 
but few progress Only in the last years, this problem has been studied 
systematically, when the necessity grew obvious to preserve organs for 
transplantation Three different methods were consequently developed 
which, single or in combination, were used for preservation of all organs 
1 hypothermia 
2 perfusion 
3 hyperbaric oxygenation 
Besides, a few attendant techniques have been developed among others 
the use of metabolic inhibitors and the like 
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A. SHORT-TERM PRESERVATIONS 
A first step towards the preservation of pancreatic transplants consist-
ed in the interception of the period between the removal of the pancreas 
from the donor and the revascularization of the transplant in the recipient, 
the so-called warm ischemia time. 
a. In 1959, Brooks and Gifford perfused already some of their isolated 
pancreatic grafts with a normothermic salt solution. 
b. In ¡962, De Jode and Howard, followed by Seddon and Howard, 
in 1966, perfused their pancreaticoduodenal transplants with a normo-
thermic heparin solution, immediately after the removal of the graft 
out of the donor. Endocrine, as well as exocrine graft function could 
be shown for some days. Thrombosis proved to be a frequent postopera-
tive cause of failure. 
с In 1966, Largiader et al. perfused his pancreaticoduodenal trans­
plants in the same way, but this time with a hypothermic (4° C.) solution 
consisting of ± 150 ml. of a physiological electrolyte solution to which 
were added low molecular weight dextran, glucose, heparin and procaine 
after which the solution was buffered with TRIS* and НаНСОз to pH 
7,40 (at 40C.). 
Out of his later notice, in 1966, it appeared that these isotopie grafts 
functioned well; the dogs died mainly on account of complications of 
the bile ducts and the duodenal transplant. 
d. In ¡967 Draznin et al. used for perfusion of their pancreaticoduode-
nal transplants, a solution which should cope with a greater pancreatic 
need of aminoacids and with the possible damage of the organ caused 
by the enzymes liberated during manipulation. An aminofusine solution 
was used to which was added Trasylol®, Complamin®, low molecular 
weight dextran and NaHCOs to a pH of 7,4. Besides, before the removal 
of the transplant, Trasylol® and heparin were given to the donor. A 
solution of about 750 ml. was perfused through the organ with an average 
pressure of 120 cm. H2O by means of a perfusion apparatus which was 
provided with a cooling device. The perfusion lasted about 10 minutes. 
These authors could show obvious endocrine and exocrine function of 
the transplanted organ. Short perfusions, even hypothermic, as those 
performed by mentioned authors and also by Idezuki et al. (1968b), 
restricted only the possibly damaging effects of the warm ischemia time, 
but could not be considered as a real preservation method. 
* TRIS = tris (hydroxymethyl) - aminomethan 
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В. LONG-TERM PRESERVATIONS 
Definite results after long-term preservation of pancreaticoduodenal 
transplants were stated for the first time by Idezuki el al. in ¡968b. 
a. Indeed, Idezuki et al. (1968b) could prove that, after a short flushing 
perfusion, preservations consisting of immersion of the graft in a preser-
vation liquid, and storing it in a hyperbaric oxygen chamber, resulted 
in good functional transplants. They performed 15 of these preservations: 
5 during 6 hours, of which 3 grafts survived respectively 9, 28 and 31 
days; 2 during 22 hours, of which one survived 150 days; finally 8 during 
24 hours, which all died within 48 hours. 
Although there was but one survivor after preservation during 22 hours. 
yet this was surely the first real success in pancreatic preservation. 
As hypothermic (40C.) flush-liquid and immersion-liquid the authors used 
a balanced salt solution with 5% dextran buffered with NaHCOj to a 
pH of 7,4 (at 40C.). The criterion for the duration of the flushing was 
the complete clearing of the venous effluent. Hyperbaria was performed 
under 3 atm. absolute (b-pressure. 
b. Later on, in ¡968d, Idezuki et al. extended their investigations; 
after preservation they performed in vitro normothermic perfusions with 
glucose stimulation to assess the endocrine function of the preserved 
organs. In this series however they used, for the flushing of the transplant, 
a heparinized Ringer's solution buffered with NaHCOs to a pH of 7,4 
and cooled to 40C. For the preservation, they used, in one series, surface 
cooling with a 20C. Ringer's solution as immersion liquid; in another 
series, this same surface cooling combined with 4 atm. absolute O2-
hyperbaria. In this way preservations during 6, 12, 24 and 48 hours 
could be studied in both groups. 
The results, assessed by means of the afore-mentioned in vitro 
perfusions, proved to be the same as those which they had mentioned 
before, whereby survival after allotransplantation had been used as a 
criterion; good endocrine function (that means insulin production and 
good reaction on glucose stimulation) followed preservations during 6, 
12 and 24 hours, whereas moderate to bad endocrine function resulted 
after preservations during 48 hours. 
Important is, that the results were nearly as good after preservations 
with hypothermia only, as after preservations combining hypothermia 
and hyperbaria. 
с In 1969b Idezuki et al. again mentioned their results of preserved 
pancreatic transplants in dogs. This time the criterion was the survival 
after transplantation as well as the endocrine function. Postoperatively 
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the dogs received an immunosuppressive therapy In this series, 29 trans-
plantations were divided into 5 groups similar to previous division 
Gr 
Gr 
Gr 
Gr 
Gr 
I 
II 
III 
IV 
V 
2 hours 
6 hours 
20-22 hours 
24 hours 
48 hours 
40C 
40C 
40C 
2-40C 
20C 
The results proved to be the same as those mentioned above The surviv 
als in the groups I and II were good (1 to 43 days) Causes of death 
were not ischemic graft lesions, due to preservation 
In the groups III and IV the pancreas became, after revascularization, 
not only oedematous but also dark pink However the differences in 
survival seemed significant, in group III, 5 out of 6 dogs survived more 
than 2 days (one even 169 days), whereas in group IV, this was the 
case with only 2 out of 9 dogs Graft necrosis and purulent peritonitis 
were the most important death causes Endocrine function was obvious 
in the survivors 
In group V finally, the pancreas showed immediately after revascul-
arization, a speckled purple colour and, after ± 15 minutes, it became 
highly oedematous and hemorrhagic, and proved to be unviable 
d ¡n 1971a Zimmermann et al reported about preservation studies 
of pancreaticoduodenal grafts in dogs by means of freezing-hypothermia 
at -60°C during 6 to 10 days Six out of 18 preserved organs were 
tested by means of in vitro perfusion, 12 were heterotopically allotrans-
planted As cryoprotective solutions they used ethylene glycol D M S О 
(dimethyl sulphoxide) or glycerol (all as 2M solutions), given as infusion 
via the cannulated artery, followed by rapid freezing and conservation 
at -бО'ЧГ The re-warming was done during a period of 10 minutes by 
putting the organ in a water bath of 38° and infusing a NaCl-Dextran 
solution Considering the duration of preservation, the results were hope­
ful, although the 6 transplants showed in vitro only one fourth of the 
normal O2 uptake and although 6 out of the 12 dogs with preserved 
pancreatic grafts died within 48 hours after allotransplantation The 
remaining 6 dogs showed G T T -curves which varied between those 
of normal and those of pancreatectomized dogs It appeared that glycerol 
and D M S О were better cryoprotectives for the duodenopancreas than 
ethylene glycol 
e Later in 1971b, Zimmermann and Hell made following reports in 
connection with these 12 allotransplantations after freezing preservation 
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1 light microscopical studies showed but little conservation damage 
after preservation 
2 immediately after levasculanzation, an obvious oedema appeared 
m all transplants 
3 the duodenum never got a spontaneous peristalsis 
4 there was a quick rise of the hematocrit immediately after revascul-
arization, indicating a small circulating blood volume 
5 6 dogs survived less than 24 hours, the other 6 between 3 and 
5 days 
6 in the latter 6 dogs the G T T -curves were obviously better than 
those of the pancreatectomized control dogs 
7 at autopsy all transplants showed a dark-red discoloration and 
extensive necrotic spots 
Out of these data it is evident that Zimmermann's freezing preserva-
tions do not equal Idezuki's results, although the attempts to preserve 
a duodenopancreas from 6 to 10 days surely will be found interesting 
for the future 
f In 197ì Salassai et al gave their results after 8 and 24 hours preserva-
tion of pancreaticoduodenal grafts using exclusively hypothermia after 
flushing They compared 3 series of 5 dogs of which the transplant 
had been preserved respectively in a protide gel, in Collins's solution 
and in a polysaccharide gel A longer survival was obtained with the 
protide gel In the preservation liquid as well as in the blood of transplant-
ed dogs, the concentrations of amylase, lipase, transaminases, β -
glucuronidase and acid phosphatase were measured They concluded 
that these determinations could be used as a viability test of the preserved 
organ and for the detection of rejection after the fourth or fifth day 
g In ¡972 Dijkhuis et al reported preservation studies of isolated 
pancreatic grafts in dogs Using a Beizer apparatus and a standard cryo-
precipitated plasma perfusate, they preserved 4 duct ligated pancreatic 
transplants during 24 hours to allotransplant them afterwards Although 
they only reported on 4 dogs, their results seemed to be hopeful, the 
more that no immunosuppressives had been given (survivals of 3, 12, 
13 and 15 days) They noted a distinct postoperative hypoglycemia 
They established results equivalent to those which they obtained without 
preservation 
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CHAPTER IV 
IV FIRST SERIES OF EXPERIMENTAL 
INVESTIGATION 
As it was pointed out in the introduction, the aim of the investigation 
was to study a number of methods for the preservation of pancreatic 
grafts Therefore it was necessary, to find first an adequate surgical 
technique for the pancreatic transplantation before results of preservation 
of the transplants could be judged of 
So the purpose of this first series of experiments was double 
a to find an adequate surgical technique for the removal of the donor 
organ and the implantation in the recipient 
b to compare, on the basis of biochemical parameters and of results 
after allotransplantation, a series of dogs with an unpreserved allograft, 
with a group of dogs which received a preserved one Although a 2 
hours preservation is not sufficient to be called a long-term preservation, 
nevertheless, in this first series, this term was not exceeded, in order 
to judge first of the results of this rather short preservation, before 
passing on to longer preservations later 
A METHODS USED IN THE FIRST SERIES OF EXPERIMENTS 
A 1 MATERIALS 
Mongrel healthy dogs were used, weighing between 13 and 25 kg 
Preoperatively no antibiotics nor immunosuppressives were given 
Except cross-reactions between erythrocytes and serum of donor and 
recipient, done m a few dogs, no selection was applied on the basis 
of typing In total 23 allotransplantations were performed They were 
divided into 4 groups 
Group I own pancreas kept / no preservation (3 dogs) 
Group II own pancreas removed / no preservation (9 dogs) 
Group III own pancreas kept / preservation (5 dogs) 
Group IV own pancreas removed / preservation (6 dogs) 
A 2 OPERATION TECHNIQUE 
a The removal of the recipient's pancreas occurred in two different 
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ways.-either a duodenopancreatectomy was done, followed by an end 
to end gastro-enterostomy, an end to side cholecysto-enterostomy and 
a ligation of the ductus choledochus. -or a selective pancreatectomy 
according to Markowitz's method 
b. As an allotransplant we used in 3 cases an isolated pancreas, while 
in all the other cases a duodeno-pancreas was used 
с In 9 cases a duodenocutaneostomy was applied as a drainage for 
the pancreatic juice, in 11 cases a duodenojejunostomy was performed, 
while in the isolated pancreatic grafts the pancreatic duct once was 
left open in the abdomen, once was sutured in utero, and once was 
sutured in the jejunum. 
d. The transplant was always implanted heterotopically in the right 
fossa iliaca, whereby we used always the A coeliaca, whether or not 
with aorta cuff, and the V portae of the graft and the right A iliaca 
and V cava of the recipient Vascular anastomoses were performed with 
current 5 x 0 Tevdek® 
e. In the pancreaticoduodenal grafts the proximal duodenal end was 
closed invertingly and attached without stretching to the psoas 
musculature The distal duodenal end was anastomosed to the small 
intestine as end to side duodenojejunostomy in 11 cases, while it was 
attached to the skin as a duodenocutaneostomy in 9 cases 
A 3 HYPOTHbRMIC FLUSHING OF THE GRAFT 
All transplants, except one, were artenally flushed with a cooled solu­
tion, immediately after devasculanzation. This flushing was performed 
as a gravity perfusion, while the temperature of the solution was 40C. 
Following fluids неге used for flushing 
1. 1000 cc physiological salt solution with 20 cc novocain at 10% 
(9 cases) 
2. 500 cc Ringer's lactate with 10 cc novocain at 10% and 2500 U 
heparin (9 cases) 
3 1000 cc Ringer's solution with 20 cc. novocain at 10% and 2500 
U heparin (4 cases). 
A 4 PRFSERVATION METHOD 
A 4 I Apparatuses 
We used the original perfusion apparatus, designed by the Travenol 
Laboratories, with some minor changes introduced This apparatus con-
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Fig. 12. Travenol® perfusion apparatus, as used in the first series. 
4} 
sists of a pump, a membrane oxygenator, a heat exchanger and an organ 
chamber, which we simplified a bit. These different parts are connected 
by means of siliconized tubes. A separate outlet and receptaculum were 
developed to collect the produced pancreaticoduodenal juice. After use, 
these different elements were cleaned one by one, partially put together, 
afterwards gas-sterilized and finally, immediately before use, connected 
with each other. The pump is connected and driven by pressurized air, 
the oxygenator is connected to a bottle of carbogen (flow ± '/2 1/min.). 
Afterwards, the system has to be filled with the perfusion solution, which 
circulates in closed circuit until the heat exchanger procures a tempera­
ture of ± 50C in the perfusion fluid. Hereafter the organ is put on a 
grill in the organ chamber and connected to the circuit with its arterial 
connection, whereas the venous outflow drains freely in the organ cham­
ber. Via a separate outlet the duodenopancreatic juice is conducted out 
of the organ chamber by means of a duodenal catheter, and collected 
for biochemical determinations. 
A.4.2. Perfusion fluids 
As perfusion fluids for preservation, following solutions were used: 
a. Rheomacrodex® 1000 cc. and Haemaccel® 500 cc. (in 7 cases), 
to which following additives were added: 
- КаНСОз as buffer to a pH of 7,4 
- chloramphenicol 1 g. (4 times) or penicillin 1 million U. and strepto­
mycin 1 g. (3 times) as antibiotics. 
- chlorpromazine or hydrocortisone (each 3 times) as lysosome protect­
or. 
b. Rheomacrodex® 1000 cc. and Ringer's lactate 500 c c , buffered 
with NaHCCb and to which were added chloramphenicol 1 g. and chlor­
promazine (in 1 case). 
с Rheomacrodex® 500 cc. and Ringer's lactate 500 cc. and Ringer's 
solution 500 cc., buffered with NaHCOi and to which were added penicil­
lin 1 million U. and streptomycin 1 g. as well as hydrocortisone (in 
1 case). 
d. Isodex® 1500 cc. and Brettschneider's solution 500 c c , buffered 
with NaHCCb and to which were added penicillin 1 million U. and strepto­
mycin 1 g. as well as hydrocortisone (in 2 cases). 
A.4.3. Perfusion time and biochemical determinations during the 
perfusion 
As it was said already, we used but a relatively short preservation 
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time in this first series of experiments. The perfusion varied between 
minimal l43 hour and maximal 215 hours (mean I56 hour). During the 
perfusion the pH of the perfusion liquid was controlled every half an 
hour and kept up to a physiological pH range (7,2 - 7,4) by means 
of NaHCOj. Samples of the perfusion liquid as well as of the duodeno-
pancreatic juice were taken respectively after 1 hour and after two hours 
of perfusion. In those samples calcium, glucose, amylase and lipase 
were determined. Finally, during each perfusion, a sample has been 
taken for bacteriological study. 
A.5. POSTOPERATIVE CARE 
a. All the dogs received on the day of operation, as well as on the 
following 2 days intravenous fluids and calories, consisting of Haemac-
cel canine blood and Aminosolglucose®. Starting the third postoperative 
day, we progressively passed on to peroral fluid and food administration. 
b. During the first postoperative week all the dogs received antibiotics: 
either penicillin 600.000 U. daily 
or chloramphenicol 1 g. daily 
or penicillin 1 million U. and streptomycin 1 g. daily 
or penicillin 600.000 U. and streptomycin '/2 g. daily 
c. From the first postoperative day until death, sacrifice or transplant-
ectomy all the dogs received Imuran® a rato of 5 mg./kg. per os as 
immunosuppressive therapy. 
d. Except 7 dogs of group II, all the other ones received from the 
first postoperative day atropine at a rate of 2,5 mg. daily. 
e. Except these same 7 dogs of group II, all the other ones received 
postoperatively daily 100.000 U. Trasylol® (Bayer). 
A.6. BIOCHEMICAL DETERMINATIONS 
Glucose, calcium, amylase and lipase were determined, in the perfusion 
fluid as well as in the serum of the dog, each day after transplantation. 
Furthermore extra glucose determinations were performed in all dogs, 
6 and 12 hours after transplantation. Finally, in some dogs, thrombocyte 
counts were done too. Glucose determinations were performed according 
to the colorimetrie GOD - method (Werner et al. 1970). According to 
Dittmer (1961) normal values of glycemia in the dog vary between 5,28 
and 5,83 mmol./l., whereas those of fasting glycemia lie between 3,68 
and 4,78 mmol./l. In our dogs, the fasting glycemia in a control series 
of 10 animals, varied between 3,35 and 5,44 mmol./l. (mean 4,47 
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mmol./l.). Calcium déterminations were performed, using EGTA as a 
complexing reagent. Normal serum values in dogs are 5,3 mEq./l. (SD 
4,7 and 6,1) or 2,65 mmol./l. (SD 2,35-3,05) according to Sobel et al. 
(1941). In our laboratory a control series of 16 dogs showed a calcemia 
varying between 2,26 and 2,82 mmol./l. (mean 2.53 mmol./l.). 
To determine the serum amylase concentrations, we first used the 
Street-Close method (Street and Close 1956) but obtained results which 
were difficult to rely on. Later on, the Wohlgemuth method (Wohlgemuth 
1908) was used and seemed to provide more reliable results. Normal 
values transferred in U./l.. in a control series of 7 dogs, varied between 
285 and 1168 U./l. (mean 581 U./l.). Upase determinations were perfor-
med according to the semiquantitative Merckotest-method (Härtel et 
al. 1971). Normal lipase values in a control series of 6 dogs lied between 
20 and 70 U./l. (mean 43 U./l.). 
A.7. BIOPSIES 
Biopsy samples were taken from all transplants: 
1. as a control (at the beginning of the donor pancreatectomy). 
2. directly after the 2 hours-perfusion (in the groups 111 and IV). 
3. directly after revascularization. 
4. some 15 or 30 minutes after revascularization. 
5. at obduction c.q. transplantectomy. 
These biopsies were used for: 
1. histological 
2. electron microscopical and 
3. histochemical investigation. 
B. RESULTS OF THE FIRST SERIES OF EXPERIMENTS 
B.l. OBSERVATIONS DURING PERFUSION 
Attention was paid 1) to the weight change of the graft, 2) to the 
microscopical aspect of the organ during perfusion and 3) to the total 
quantity of duodenopancreatic juice, produced during the perfusion, all 
three in correlation to the flow and the arterial pressure in the organ 
during perfusion. 
a. It was established that the duodenopancreas nearly always lost 
weight, while no correlation was found between this loss and the flow. 
The latter amounted in 9 of the 11 perfusions between 0,33 and 0,76 
cc. per minute and per gram of tissue. Sometimes the loss of weight 
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was important, also at a lower flow and amounted to circa 'A of the 
original weight. 
b. The appearance of pancreatic oedema during the perfusion was 
obvious in 3 cases, small in 3 cases and absent in the others. There 
seemed to be no correlation between the used perfusate and the appearan­
ce of pancreatic oedema. On the other hand, there was a correlation 
between the appearance of the oedema and the arterial pressure that 
had been maintained during the perfusion: 
oedema pressure 
obvious 105/80, 100/60, 70/30, 
small 70/40, 60/20, 50/25, 
absent 85/45, 65/40, 65/30, 55/25, 50/30 
с During all the perfusions a slow decrease of the pH of the perfusate 
was observed; it could be corrected by means of NaHCCb or the oxygena­
tion gas flow. 
d. During the perfusion, biochemical determinations of glucose, 
calcium, amylase and lipase were done in the perfusate after one hour 
and after 2 hours. No significant changes in calcium or glucose concentra­
tion were observed during this brief perfusion. On the contrary the amyla­
se as well as the lipase concentration in the perfusion liquid showed 
a slight rise during the perfusion. 
e. During all perfusions the duodenopancreas secreted more or less. 
During the 2 hours perfusions the total production varied between 1 
and 70 c c , mean 17 cc. We could not establish a correlation between 
this total production on the one hand and the flow, arterial pressure 
or oedema on the other. 
So far as the biochemical determinations of calcium, glucose, amylase 
and lipase in the duodenopancreatic juice are concerned, no important 
change in calcium concentration was found during the perfusion (the 
concentration itself, however, was very variable from case to case), 
whereas the glucose concentration mostly increased with 50% during 
the second perfusion hour (also this concentration was very variable 
from case to case). 
The amylase and lipase concentrations appeared to be, in the same 
way, sometimes high, sometimes low, dependent on the total quantity 
of produced duodenopancreatic juice; during the perfusion, however, 
they showed but few outstanding changes. 
f. In 2 out of the 11 perfusions an infection of the perfusate was 
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detected, in both cases it was caused by Pseudomonas pyoceaneus. 
They appeared in the first 4 perfusions, for this reason, relying on the 
resistance determination, chloramphenicol was replaced by penicillin-
streptomycin. 
В 2 OBSERVATIONS DURING IMPLANTATION OF THE GRAFT 
a. The pancreatic graft always regained its usual creamy pink colour 
except in 1 out of the 23 cases, where an insufficiency of the venous 
anastomosis induced the removal of the transplant. 
b. After revascularization a moderate pancreatic oedema was found, 
especially in those cases where it had already appeared to a less extent 
during the perfusion. 
с In all the cases in which the duodenum had been transplanted 
together with the pancreas, moderate or good peristalsis of the duodenum 
was seen, immediately after revascularization. In all these cases appeared 
a mucous hemorrhagic duodenal secretion. 
d. The period of ischemia, necessary to make the vascular anastomo­
ses, varied between 24 and 40 minutes (mean 29 minutes). 
e In those cases only where the recipient was heparmized ( г mg./kg.) 
before the anastomoses were performed (4 cases), a diffuse bleeding 
resulted. 
This bleeding could be antagonized with protamine sulfate. 
В 3 OBSERVATIONS AFTER THE TRANSPLANTATION 
a. After anesthesia all the dogs awoke normally Problems, specific 
to the anesthesia with penthotal, N2O and fluothane did not occur. Post­
operative infusions, as mentioned above, did cause neither difficulties 
nor complications. 
b. In the first series of experiments the survival of the dogs with 
a transplant amounted to maximal 8 days. 
In the different groups the survival time was about the same 
Group I: mean 1,7 days 
Group II: mean 1,5 days 
Group III: mean 3,2 days 
Group IV: mean 1,7 days 
Divided according to their survival days we had: 
less than 1 day 12 dogs 
1 or 2 days 5 dogs 
3 of 4 days- 5 dogs 
48 
more than 4 days: 1 dog (8 days) 
c. Postoperative clinical evolution 
During the first 24 hours of their survival all the dogs made an impres­
sion, clinically suggestive of hypovolemic or toxic shock. Nearly half 
of the dogs did not react upon I.V. fluid administration and the issue 
appeared to be irreversibly fatal. 
In the next 24 hours the dogs either recovered progressively, running 
around in their kennel, or died in a same sort of shock syndrome. 
In the following 48 hours an infectious component seemed to prevent 
further recuperation; the dogs got fever and a general depression due 
to bronchopneumonia in one case (purulent drainage out of nose and 
eyes), and to peritonitis in the other cases (vomit, abdominal pain) from 
which they finally all died. 
In the only dog which survived 8 days, a laparotomy was done 7 days 
after transplantation with the purpose to perform recipient pancreat­
ectomy. Apparently the anesthetic stress had been insuperable, and the 
dog died the next day. 
d. postoperative biochemical evolution 
The results of the various determinations are given in the following 
figures.* 
Iipasemia( u/ l )-
1200 
1000 
Θ00 
600 
400-
200 
• 1 2 3 4 5 6 7 
Τ
 R
 days after transplantation 
Fig. 13. Lipasemia after transplantation (first series) 
TR.-Transplantation. 
* The dog, labelled Al l . belongs to group II, the dogs, labelled B, belong to group 
111. finally the dogs, labelled D belong to group IV 
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amylasemia — 
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1600-
Fig. 14. Amylasemia after transplantation (first series). 
Op. Operation start 
Op'. Operation end 
glycemia (mmol/l ) — 
Op Op' 1/4 г 1 2 3 4 5 6 7 
days after transplantation 
Fig. 15. Glycemia after transplantatton (first series). 
Op. Operation start 
Op'. Operation end 
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2 6 -
2 4-
2 2-
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days after transplantation 
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Fig 16 Calcemia after tramplantanon (first series) 
Arrows indicate start and end of operation 
thrombocytes 109/ 
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Fig 17 Thrombocyte count after transplantation (first series) 
Op Operation start 
Op' Operation end 
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e. Clinical death causes 
These have been established, first, on basis ot the preterminal clinical 
course, second, on basis of macroscopical findings, obtained at autopsy, 
performed as rapidly as possible. The different causes, responsible for 
death, are summarized in table 2. 
Vascular causes . . 
Infectious causes . . _, 
Other causes . . . _ 
"thrombosis 
bleeding . . 
anastomotii. insufficiency 
•pentomtis -
arterial 
venous 
combined 
'arterial 
venous 
with anastomotic dehiscency . . . 
without anastomotic dehiscency 
pneumonia . . . 
•hypoglycemia . . . . . . . 
.unknown . . . . 
3 
3 
3 
2 
1 
1 
3 
2 
1 
2 
2 
Table 2. Survey ot clinical death causes (first series). 
В 4 HISTOLOGICAL, ELECTRON MICROSCOPICAL AND HISTOCHEMICAl 
INVESTIGATION 
B.4.1. Histological observations 
B.4.1.1. Observations immediately after perfusion 
a. In most of the cases a slight interstitial oedema appeared after 
perfusion. Sometimes it was more distinct, occasionally however it was 
completely absent. 
b. The endothelium of the blood-vessels, arterial as well as venous, 
always appeared to be practically intact. 
c. Sometimes a few vessels still contained erythrocytes, as a result 
of a local inadequate perfusion. 
d. Once a compact granular substance was found in the veins. In 
most cases the histologically visible interstitial oedema corresponded 
to the macroscopic perceptible oedema during the perfusion, whereby 
the correlation with the arterial perfusion pressure could be confirmed. 
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В.4.1.2. Observations immediately after revascularization 
a. Whether or not the graft had been preserved, mostly distinct signs 
of interstitial and perivascular oedema were observed immediately after 
revascularization. This oedematic fluid exhibited various concentrations 
of protein. 
b. Lesions of the endothelium were found especially in those cases 
where a distinct oedema had occurred. In the veins these lesions were 
the most obvious. 
с Arteries and veins of various size were frequently congested. 
d. Moreover, polymorphonuclear cells were often found, particularly 
in the veins. 
e. Sometimes a few dilated lymph- vessels were observed. 
B.4.1.3. Observations 10 to 15 minutes after revascularization 
The alterations, seen immediately after revascularization, showed an 
obvious progression after 15 minutes. 
a. The interstitial and perivascular oedema had become more distinct. 
It remained mostly serous. 
b. The endothelium of numerous blood-vessels had now been damaged. 
Many veins had even lost their endothelium, whereas the arteries could 
show subendothelial deposits of an amorphous substance. 
с Small arteries as well as veins often appeared to be stuffed with 
red blood cells. 
d. Polymorphonuclear cells had increased in number. 
e. Lymph-vessels were dilated and contained an amorphous substance 
and a few erythrocytes. Some lymph-vessels appeared to be ruptured. 
B.4.1.4. Observations 30 minutes after revascularization 
In all transplants the various changes, above described came highly 
on the foreground: 
a. In most of the cases the interstitial oedema had very remarkably 
increased. This was especially the case with the preserved transplants. 
Moreover the oedema had become fibrinous. 
b. In all grafts, lesions of the entothelium were noticed. In the veins, 
particularly in the small ones, the endothelium disappeared partly or 
completely. Also the arteries showed, although to a less extent, exfoliati­
on of the endothelium. 
с Now and then marked congestion and 'sludge' formation was found 
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in the blood-vessels. 
d. Most of the time the small veins were tilled up with polymorpho-
nuclear cells, occasionally with cell debris. 
Fig. 18. Pancreas 30 minutes after revascularization. 
Interstitial exudate is present. Acinar structure is normal. 
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Fig. 19. Pancreas 30 minutes after revascularization. 
Aside to interstitial oedema, marked blood-vessel congestion is possible. 
Fig. 20. Pancreas 30 minutes after revascularization. 
Endothelial damage goes along with early arterial thrombus formation. 
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В.4.1.4. Observations in case of sacrifice or obduction 
The pathological changes in case of sacrifice or obduction, correlated 
almost completely with the above described macroscopic changes and 
the established death causes. Following patterns were observed reflecting 
the possible cause of graft failure and/or death. 
a. Ischemic pancreatic necrosis 
This type of necrosis was observed in all groups, and mostly caused 
by arterial obstruction at different levels. Obstruction resulted either 
from thrombosis, or from settling of sludge, consisting of exfoliated 
endothelial cells and cell debris. In most cases an infectious complication 
was associated, which had led to peritonitis, as in the case of dehiscence 
of an anastomosis of the intestine. In these cases different micro­
organisms could often be detected in the transplant, infiltrating the whole 
pancreas and also visible in the veins, whereas next to it there was 
an obvious infiltration of polymorphonuclear cells. In a few cases the 
final result of this necrosis was a fatty degeneration of the pancreatic 
parenchyma. 
Fig. 21. Ischemic pancreas necrosis. 
Ischemic necrosis associated with infiltration of bacterial colonies. 
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b. Hemorrhagic pancreatic necrosis 
This type of necrosis occurred mostly as a result of an extended venous 
thrombosis and was always fatal within the 24 hours. A hemorrhagic 
necrotic duodenum as well as blood infiltrated lymph glands were found 
too. 
Fig. 22. Hemorrhagic pancreas necrosis 
c. Pancreatic atrophy 
In case of early death the interstitial oedema which occurred rapidly 
after revascularization, could still be shown in the autoptic material. 
This interstitial and perivascular oedema had become obviously fibrinous 
and was also often hemorrhagically infiltrated. In case of longer survival 
a distinct active interstitial fibrosis was a common feature. As a result 
of this interstitial oedema, a dissociation of the exocrine acini, but also 
of the Langerhans' islets was histologically established; on cellular level 
a vacuolar degeneration of the parenchymal cytoplasm could be observ-
ed. On account of cytolytic changes and resorption of atrophic acini 
an irregular shape of both the endocrine islets and exocrine lobuli arose. 
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Fig. 23. Pancreatic atrophy. 
Atrophy of the pancreas with dissociation of acinar tissue by interstitial fibrosis. 
d. Pancreatic rejection 
Finally, another series of dogs, which remained alive for several days, 
exhibited a moderate to dense infiltration of lymphocytes within the 
exocrine pancreatic parenchyma. An accumulation of lymphocytes oc-
curred too, around the veins and in the lymph vessels. Occasionally 
lymphocytes were even detected in the pancreatic ducts. However, the 
islets were apparently not infiltrated with mononuclear cells. 
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Fig. 24. Pancreatic rejection. 
Dense infiltration of interstitial and perivascular tissue with mononuclear cells. 
' 
•v.· ;· 'iß \ * λ ^ 
F;g. 25. Pancreatic rejection. 
Accumulation of lymphocytes in dilated lymphatic vessels. 
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Fig. 26. Pancreatic rejection. 
Interstitial mononuclear cells adjacent to destroyed acinar tissue. Note presence of 
plasma cells. 
B.4.2. Electron microscopical observations 
B.4.2.1. Observations, immediately after perfusion 
The acini showed nearly always a normal feature, although most of 
the mitochondria of the acinar cells appeared to be somewhat swollen. 
Ohters appeared to be ruptured. Sometimes autophagic vacuoles were 
found. The endoplasmatic reticulum of the acinar cell was mostly dilated; 
now and then fragmentation occurred. In the acinar cells myelin figures 
were frequent. Electron microscopically, interstitial oedema was noticed 
in most cases, as it had also been observed by means of light microscopy. 
Vesicle formation was mostly found in the endothelium of the capillaries. 
These vesicles had a variable size. The lumen of the capillaries was 
sometimes reduced by protoplasmatic protuberances of the endothelium. 
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Fig. 27. Electronmicroscopical features immediately after perfusion. 
В.4.2.2. Observations shortly after revascularization 
Immediately after revascularization, as well as 10 to 15 minutes later, 
ultrastructural changes were essentially the same as after preservation. 
B.4.2.3. Observations 30 minutes after revascularization 
a. In the acinar cells the changes became obvious. An intracytoplasma-
tic destruction arose now and then and remnants of zymogen granules 
were found in dilated vacuoles. In numerous acini the endoplasmatic 
reticulum appeared to be distinctly dilated, particularly in preserved 
grafts. 
b. Associated with the interstitial oedema, lymphocytes infiltrated the 
interacinar spaces. Myelin figures were observed within the epithelium 
of pancreatic ductules. The intralobular ductules showed large dilations 
of the lateral protuberances. 
с Some (S-cells of the Langerhans' islets began to degenerate. 
d. Again the most obvious alterations were found in the blood-vessels 
after preservation, as well as without preservation of the graft. Often 
accumulations of thrombocytes were seen in some capillaries. Smaller, 
as well as larger blood-vessels, exhibited endothelial alterations. The 
endothelial cells showed vacuoles; the chromatin was accentuated and 
moved to the periphery of the nucleus. Furthermore there was a local 
desquamation of the endothelial wall, frequently resulting in arcading 
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figures. Granulocytes were found to penetrate the intima. Endothelial 
damage could result in local aggregation of thrombocytes and decreased 
permeability, as indicated by extravasates of erythrocytes. 
Fig. 28. Eleclronmicroscopical features 30 minutes after revascularization. 
B.4.2.4. Observations in case of sacrifice or abduction 
In most cases the intensity of ultrastructuraî changes was dependent 
on the survival time. 
a. The acini 
The degeneration and the disintegration of the acinar cells became pro-
gressively more evident. Myelin figures were observed and fat-vacuoles 
could be noticed in the acinar cells. The zymogen granules became 
less dense and were found in dilated vacuoles. Later on. these granules 
could show crystalline inclusions. In many acinar cells the endoplasmatic 
reticulum was normal, but in some cells it appeared to be dilated and 
became gradually fragmented. 
After a few days phagocytizing neutrophils infiltrated in and around 
the acini. As a result of the interstitial oedema, the interacinar spaces 
were largely widened and the acini were relatively strongly distended. 
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Gradually, fibroblasts infiltrated the interstitial spaces. Moreover a dis-
tinct infiltration with lymphocytes progressively occurred. These were 
of two different types, on the one hand, dark little ones and on the 
other hand, bigger and brighter lymphocytes. Next to it, macrophages 
were also found amongst the infiltrating cells. 
b. The alterations of the endothelium of the blood-vessels, which we 
described already, were seen again. Exfoliation of the capillar 
endothelium and local destruction resulted in a very irregular endothelial 
wall. 
Fig. 29. Electronmicroscopical features 7 days after transplantation. 
B.4.3. Histochemical observations 
For this purpose following enzymes were studied in some dogs: 
a. alkaline phosphatase 
b. lactate dehydrogenase (LDH) 
c. magnesium-adenosinetriphosphatase (ATP-ase) 
d. isocitrate dehydrogenase (1CDH) 
In controls the exocrine parts as well as the islets showed distinct enzym-
atic activity. After preservation the enzymatic activity decreased. After 
revascularization this activity seemed to normalize progressively. Final-
ly, in longer survivors, there occurred a gradual decrease of the enzymatic 
activity, which was most obvious in the exocrine parts, whereas the 
endocrine islets maintained activity for a longer period. 
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С CONSIDERATIONS AFTER THE FIRST SERIES OF 
EXPERIMENTS 
С 1 SURGICAL TECHNIQUE 
The hisloncdl review of pancreatic transplantations made already evid­
ent that the transplantation could only give adequate results, as soon 
as vascular anastomoses could be performed Previous and recent implan­
tations of pancreatic tissue caused a decrease of glycemia which was 
only of short duration, and always resulted in tissue atrophy and in 
return of the diabetes 
As soon as vascular anastomoses, by means of direct vascular sutures, 
were introduced in pancreatic transplantation, namely by Lichtenstein 
and Barschak in 1957, three great tendencies became manifest in the 
transplantation technique itself 
1 the heterotopic transplantation of the pancreas alone 
2 the heterotopic pancreaticoduodenal transplantation 
3 the orthotopic pancreaticoduodenal transplantation 
С I 1 Arguments m fa\ our of the different techniques 
С 1 1 1 Following points tell in fa\our of transplantation of'the pancreas 
alone 
a no immunological problems specific to duodenal transplantation 
Indeed, some authors (as for instance Lillehei et al 1970) believe that 
the duodenum shows a greater rejection sensibility than the pancreas 
b no postoperative-surgical problems due to an anastomosis of the 
efferent duodenal end to skin or small intestine, as for instance leakage 
or dehiscence of the anastomosis of the intestine, the latter resulting 
in peritonitis 
С 1 1 2 Following points tell m f a\ our of the pancreatico-duodenal tran­
splantation 
a easier surgical technique at removal of the donor graft 
b no difficulties specific to exocrine secretion as it is the case in 
isolated pancreatic transplantation 
Indeed, already in 1959 Brooks and Gifford established that ligation 
of the pancreatic duct, in order to eliminate the exocrine function, result­
ed m non-functional grafts These authors thought that this was due 
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to the auto-digestion of the whole gland 
In 1967 Bergan and Teixeira found a large percentage of pancreatitis, 
namely in 26 out of 30 dogs, in case the pancreatic duct was ligated 
Huguet et al (1969) however did not notice pancreatitis after partial 
pancreatic transplantation with ligation of the duct That duct ligation 
could have its repercussions not only on the exocrine gland, but also 
on the endocrine secretion, was contested as well 
In 1963 Reemtsma et al found a better immediate endocrine graft 
function after previous duct ligation 
Also Chaya et al (1966) showed a good internal function after duct 
ligation Idezuki et al (1969a), however, pointed out that ligation of 
the pancreatic duct would have in the long term a bad influence on 
the internal secretion 
In 1973 de Gruyl et al also found a slight disturbance in the postoper­
ative glucose tolerance test after transplantation of pancreas with ligated 
ducts, later on, however, recovery occurred 
Also the attempts of Merkel et al (1968) to eliminate the exocrine 
pancreatic function by means of irradiation of the donor did not give 
much better survival results Moreover in that case the danger exists 
that atrophy and sclerosis of the pancreas finally leads to insufficiency 
of the Langerhans' islets 
No matter how, the ligation of the pancreatic duct as a method to 
eliminate the exocrine function, seems to be attended with several pro­
blems Therefore, most of the authors advise drainage of the pancreatic 
juice Following solutions were proposed an anastomosis between the 
pancreatic duct and the ureter (Gliedman et al 1972), or an anastomosis 
between pancreas or pancreatic duct and a jejunal loop whether isolated 
or not (Meyer et al 1972) All these procedures seem to attend with 
more risks than the performance of an intestinal anastomosis as in the 
pancreaticoduodenal transplantations Besides in latter case a sphincter-
mechanism remains which at least theoretically offers less chance of 
intra-pancreatic reflux of intestinal content, than in cases of pancreatico-
jejunostomy 
С I 1 3 Following points tell in favour of the heterotopic transplantation 
a From a clinical point of view the heterotopic implantation is, by 
far, the simplest one, indeed this transplantation can, if need be, be 
done auxiliary, as for instance in case of functional dysfunction (diabetes 
mellitus) or partial anatomical removal on account of chronic pancreatitis 
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or eventually even on account of pancreatic carcinoma. 
b. The surgical technique is much easier in the animal experiments, 
because it is possible to perform an isolated pancreatectomy of the recip-
tent for instance according to Markowitz's technique; consequently in 
the transplantation there is no need for extensive gastro-intestinal and 
cholecysto-intestinal anastomoses. 
C.l.1.4. Following points tell in favour of the orthotopic transplantation 
a Passage of the nutritious matter through a duodenum that, according 
to its normal anatomic situation, can fulfil its digestive and humoral 
function in a more physiological way 
b. Drainage of efferent pancreaticoduodenal blood via the portal vein 
into the liver, which plays an important role with regard to insulin (presen­
ce of insulin- inhibitors) as well as to glucagon; this could include a 
more physiological regulation of the glycemia. 
С 1.2. Personal surgical technique 
In the course of the experiments of the first series we changed a 
few times our technique 
Finally we used following procedure. 
С 1.2.1. A recipient pancreatectomy 'a sec' according to the method 
described by Markowitz (1964); the duodenopancreatectomy which was 
done at the beginning, seemed to attend with a larger morbidity: 
a. on account of the more extensive surgical procedure, it lengthens 
the duration of the anesthesia and can consequently have a unfavourable 
influence on the post-operative course. 
b. the different anastomoses, gastro-intestinal as well as cholecysto-
intestinal, present greater possibility of complications. 
C. 1.2.2. A pancreaticoduodenal transplantation 'en bloc' 
isolated pancreatic grafts caused difficulties with the anastomosis of 
the pancreatic duct; on the one hand, the pancreatic duct proved to 
be too narrow to perform an adequate Wirsungo-enterostomy, on the 
other hand, a Wirsungo-uterostomy resulted in anastomotic leakage. 
С. 1.2.3. A heterotopic implantation of the graft in the right fossa iliaca 
was preferred to an orthotopic implantation because of two reasons: 
a. the simplicity of the operation, which can be important for clinical 
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practice. 
b. less morbidity than in case of a duodenopancreatectomy in the 
recipient. 
C.l.2.4. Vascular anastomoses by using the arteria coeliaca and the 
vena portae of the graft, respectively end to end and end to side with 
the arteria iliaca dextra and the vena cava caudalis infrarenalis of the 
recipient. 
С 1.2.5. A closure of the oral duodenal part with lumbar fixation of 
it and an anastomosis of the aboral duodenal part to the recipient's 
small intestine as an end to side duodenojejunostomy. Although duodeno-
cutaneostomy of the duodenal graft, as performed by the Jode and Ho­
ward (1962), enables the collection of the pancreatic juice to determine 
its volume and biochemical constitution, yet it causes following problems 
in the dog: in order to collect pancreatic juice, a duodenal cannulation 
is necessary (Thomas's technique). This is always difficult to maintain 
at long term, because the pancreatic secretions cause irritation of the 
skin around the stoma; on account of this irritation the stomy sutures 
are often bitten through by the dog, usually with fatal complications. 
Besides, a simultaneous drainage of the duodenal juice prevents an exact 
interpretation of the pancreatic secretion (Heymann et al. 1968). 
С. 1.3. Results of our technique 
In the first series, 8 of the 23 dogs were operated according to this 
technique. It appeared that this technique gave satisfactory results (Bilski 
et al. 1972). 
С. 1.3.1. Technically the pancreatectomy, performed according to Mar­
kowitz' s method appeared to be rather easy ; however its result, especially 
the completeness of it, could only be stated macroscopically at the mo­
ment of obduction. Since regeneration of remaining pieces becomes obvi­
ous only after about 7 days (Bergan et al. 1965) we could not give a 
conclusive statement in this matter. The survivals were about one and 
a half time longer in the group, pancrealectomized according to Marko-
witz's method, than in the group in which a duodenopancreatectomy 
was associated with the transplantation. 
С. 1.3.2. The 'en bloc' implantation of the pancreaticoduodenal graft 
in the right fossa iliaca is an operation which, from a technical point 
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of view, can be done rapidly, it requires only three anastomoses two 
vascular and one intestinal Besides, the 'en bloc' transplantation of 
the duodenopancreas has the advantage to reduce to a minimum the 
manipulation of the pancreas, by handling especially the duodenum and 
the vessels By so doing we prevent as much as possible that the pancreas 
undergoes mechanical pressure or instrumental lesions, so that the chan­
ces of necrosis and/or pancreatitis can undoubtedly be diminished (Mer­
kel et al 1971) The average survivals were twice as long in case of 
'en bloc' transplantation, as in case of isolated pancreatic transplantation 
A greater rejection-chance and rejection-intensity of the duodenum, 
transplanted together with the pancreas 
С 1.3.3 Complications, specific lo the heterotopic situation of the graft, 
were not found in our material. Only one possible complication, about 
which discussion remains in literature, namely the post-transplantation 
hypoglycemia, was observed at least in 2 cases. We will go into this 
subject later on. 
С 1 3 4. Vascular anastomoses 
While observing the death causes of the dogs in the first series of experim­
ents, it becomes obvious that an important mortality occurs in the first 
three days, mostly as a result of vascular complications. On a total 
of 23 cases, we found 9 arterial or venous thromboses, representing 
39,1%. This important percentage of thromboses is also given by other 
authors: 
De Jode and Howard (1962). 5/21 - 23 8% 
Chaya et al (1966): 11/24 - 45.8% 
Seddon and Howard (1966). 10/20 - 50 0% 
Gienier et al. (1967): 7/37 - 18 9% 
Largiadèr et al (1967). 24 /40-60 .0% 
Inou et al (1968) 2/30 - 6 7% 
Himal et al. (1969): 14/30 - 46.7% 
Huguet et al. (1969); 9/29 - 31.0% 
Mural et al (1969): 3/12 - 25 0% 
Thau et al. (1970). 20/41 - 48 8% 
Zimmermann and Hell (197lb): 26/69 - 37.5% 
С. 1.3.4.1 Causes of thrombosis 
a. A certain percentage of these thromboses is undoubtedly due to 
an inadequate vascular suture technique, with other words, to 'technical 
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failures', which diminish after a certain practice. (Largiadèret al. 1967 , 
Himal et al. 1969). 
b. On the other hand literary data point out the importance of the 
place and the nature of these anastomoses. Striking is, in the first place, 
that the thromboses are arterial as well as venous: above mentioned 
authors give following proportion of the thromboses: 
arterial 32 
venous 44 
combined 35 
In our series the proportion of the thromboses was: 
arterial 3 
venous 3 
combined 3 
The thromboses occurred as well when the anastomoses were extra-
peritoneal, amongst others femoral (Howard's school) and carotidojugu-
lar (Grenier, Largiadèr), as when they were intra-peritoneal. 
So far as the arterial anastomosis is concerned, the use in the donor 
of the A. pancreaticoduodenalis is practically impossible on account 
of its small diameter (Chaya et al. 1966). The use of the arteria pancreatica 
brevis, branch of the arteria lienalis, causes even greater difficulties 
and results for Mitchell and Davidson (1967) in a 90% failure rate. 
In a general way it appears consequently that the percentage of failures 
in the autotransplantations is too high as a result of this triple vasculariza-
tion. Moreover, this implicates (Grenier et al. 1967) that autotransplants 
can practically only be partial grafts. Only Guilleret et al. (1967) succeed-
ed technically in performing autotransplantations by making use of the 
arteria gastroduodenalis and the vena portae; they used a technique 
of anastomosis with Nakayama-rings. However, their results remained 
poor as a result of a high frequency of thrombosis (in 10 dogs not one 
survival longer than 3 days). But even with the arteria coeliaca as a 
donor artery, Largiadèr et al. (1966) frequently failed, so that these 
authors preferred to use the arteria coeliaca together with an aorta cuff. 
Others (for instance Himal et al. 1969) seem to have no difficulties with 
the arteria coeliaca. 
The recipient artery, which is used within the peritoneal cavity, is 
mostly the aorta or the arteria iliaca communis. Indeed, the use of the 
arteria lienalis (Largiadèr et al. 1967a) or the arteria renalis (Zimmermann 
and Hell 1971b, Largiadèr et al. 1967a) is always attended with arterial 
thrombosis. Except in the cases of partial pancreatic transplantation, 
69 
where the vena lienahs is used as donor vein (Huguet et al 1969, Grenier 
et al 1967), the portal vein has always been used as donor vein As 
recipient vein the V cava inferior is mostly used 
In 1967 Teixeira and Bergan already thought that cavai end to side 
drainage gave better results than end to end anastomosis, although their 
conclusions are not very reliable on account of the simultaneous division 
in groups with and without duct ligation A purely comparative investiga­
tion done by Zimmermann and Hell (1971b) in which an end to end 
anastomosis with the V iliaca communis was compared with an end 
to side anastomosis with the V cava inferior, showed better results in 
the latter case This is also confirmed by the results of Himal et al 
(1969) Finally, the question whether the anastomosis on the V cava 
inferior has to be done above or under the renal vessels, has not been 
solved until now Series of orthotopic transplantations with suprarenal 
anastomosis (Largiader et al 1970 ) as well as series of heterotopic 
transplantations with infrarenal venous anastomosis (Zimmermann and 
Hell 1971 ) were described where no venous thrombosis could be 
shown However there was no comparative investigation in this matter 
Finally, the portal vein has also been used as a recipient vein, all 
the more that, by so doing, a more physiological way was created for 
the produced insulin (Largiader 1967b) 
с An important aspect of the origin of the venous thrombosis lies, 
according to Murat and Moore (1967) in the pressure which is found 
in the portal vein of the graft When the pressure was higher than 9 
cm water, these authors observed much more venous thromboses 
d The frequent thromboses had probably to be attributed to a diminish­
ed flow of the blood in the outflow tract, to a trapping of thrombocytes 
in the transplant, to a kinking of the arterial anastomosis as a result 
of insufficient fixation of the graft, and so on 
A cause of obstruction also appeared to exist in the capillaries, this 
could explain the diminishing blood flow and consequently induce a 
greater chance of thrombosis at the level of both anastomoses This 
became obvious when studying our histological specimens The diminish­
ed blood flow in the outflow tract was observed especially in liver trans­
plantation and was then considered as one of the explanations for the 
increased coagulation tendency Now and then sludge formation was 
also shown microscopically in our pancreatic material But in opposition 
to our observations in liver transplantation (Van Нее and Reinking 1971), 
we did not find diffuse bleeding after revascularization of the pancreatic 
grafts 
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'Trapping' of the thrombocytes at the level of the anastomoses, as 
well as in the capillaries of the graft, could, even after transplantation, 
result in thrombopenia. The observation of such a thrombopenia in our 
material ± 6 hours after transplantation confirmed this impression. This 
'trapping' of thrombocytes can be explained by lesions of the 
endothelium, which were noticed in the microscopic specimens already 
30 minutes after transplantation. Apparently there is a preference for 
venous endothelial changes, but lesions could also be detected in the 
arteriolar endothelium. Electron-microscopically these endothelial le­
sions could be confirmed in several capillaries too. Furthermore accumu­
lations of thrombocytes could be seen. 
Vacuolization, progressive desquamation of the endothelium and local 
aggregation of the thrombocytes appeared to occur. It is difficult however 
to detect the cause of these endothelial lesions in every case. Naturally 
occurring antibodies as well as heterospecific ones may participate in 
the pathogenesis of these lesions. (Wildevuur et al. 1973). 
Some of our attempts to prevent thrombophilia by means of heparin 
administration, uniformly resulted in severe bleeding and induced either 
the necessity to antagonize peroperatively with protamine sulfate, or 
induced a fatal course. At any rate, neither the preservation nor the 
immunological defence reactions appeared to have an evident influence 
on the endothelial lesions. 
С. 1.3.4.2. As for the clinical recognition of thrombosis, hyperglycemia 
was in our series an immediate and significant sign of arterial as well 
as venous thrombosis. This was also confirmed by other authors (Murat 
and Moore in 1967, Lillehei et al. 1970). The lipasemia showed a rapid 
postoperative rise as a result of the manipulation and wash out of 
enzymes, whereas after ± 24 hours it seemed to get variable values. 
Moreover, in case of thrombosis it did not show relevant changes. Murat 
and Moore (1967), pointed out that the portal pressure in the graft (a 
pressure higher than 12 cm. water inducing thrombosis) ought to be 
measured postoperatively after the revascularization; in such a way 
thrombosis could be predicted. 
С. 1.3.5. A pancreaticoduodenal transplantation with oral closure of the 
duodenum and aboral duodenoenterostomy appeared to give little 
leakage and seemed to cause a by far less important morbidity than 
when an isolated pancreas was used or when a duodenocutaneostomy 
was performed. 
In our series the morbidity in these different cases was as follows: 
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a. pancreas alone (three times): 
a. 1. leakage: twice 
a.2. no leakage in the long term: none 
a.3. too short survival: once 
b. duodenocutaneostomy (nine times): 
b. 1. leakage: once 
b.2. no leakage in the long term: none 
b.3. too short survival: 8 times 
с duodenoenterostomy (eleven times): 
c.l. leakage: twice 
c.2. no leakage in the long term: 4 times 
C.3. too short survival: 5 times 
These results seemed to imply that duodenoenterostomy gave the least 
leakage in the long term. 
As for the mortality in relation to the duodenal closure, we found 
with duodenocutaneostomy averagely 1,5 days of survival, (in 9 dogs) 
»end with duodenoenterostomy averagely 2,5 days of survival (in 11 dogs). 
Resuming we can conclude that satisfactory results were obtained 
with the surgical technique mentioned above, so that we decided to 
apply uniformly this technique in our second series of experiments. 
C.2. Preservation 
The Travenol® apparatus as a preservation method for pancreatic grafts 
had not been mentioned in literature until now. The results described 
amongst others by Mastenbroek and Greep (1971), by Marx et al. (1972) 
and by Abouna et al. (1972) in kidney preservation, by Reinking et 
al. (1971) in liver preservation, seemed to be satisfactory and hopeful. 
C.2.1. From a technical point of view we could confirm the favouraule 
results, which were obtained with other organs: 
a. oxygenation did not present difficulties: a sufficient oxygen satura­
tion was realized by means of a constant flow of 1/2 to 1 liter carbogen 
in the membrane-oxygenator. 
b. neither did cooling give rise to any problem: the heat exchanger 
produced a cooling of the perfusion liquid to ± 4°C., what resulted 
in a cooling beneath 10oC. in the organ itself, . 
с the pump produced at obturation of the aorta-outlet, a good pulsatile 
pressure wave, of which the pressure adjustment could be regulated 
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easily so that almost physiologic systolodiastolic waves could be obtained 
at registration (see figure). 
r-
Fig. 30. Pressure curve, registered while using the Travenol® perfusion apparatus. 
C.2.2. From a. physiological point of view the results were as follows. 
a. The survival times in the two series (with or without preservation) 
were respectively: 
without preservation: mean 172 days (in 12 dogs). 
with preservation: mean 2Ч2 days (in 11 dogs). 
However, this longer survival time in case of preservation (statistically 
not significant) is probably due to an improvement of the technique, 
rather than to the advantageous effect of the preservation. 
b. the postoperative clinical course and the complications in the two 
series were as follows: 
thrombosis 
bleeding 
vascular insufficiency 
peritonitis as a result 
of anastomotic dehiscence 
peritonitis as a result 
of other causes 
pneumonia 
hypoglycemia 
unknown causes 
without 
preservation 
(12 dogs) 
3 
1 
1 
2 
2 
0 
0 
3 
with 
preservation 
(U dogs) 
6 
1 
1 
1 
0 
1 
1 
0 
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The greater frequency of thrombosis after perfusion appeared to be a 
factor specific to the preservation method Bergan et al (1968) also 
pointed out the greater chance of thrombosis after perfusion and stated 
that in contrast to the kidney or liver perfusion the need for heparin 
administration is much greater at pancreatic perfusion 
с No relevant comparison of biochemical data could be made since 
the number of biochemical investigations after transplantation of a non-
preserved pancreas was too small and the survivals after transplantation 
were too short 
d Immediately after perfusion with a macromolecular medium, for 2 
hours, the graft exhibited no remarkable light-microscopical nor 
ultrastructural changes Occasionally a slight pancreatic oedema was 
observed, at rather high artenal perfusion pressure 
e After the revascularization the interstitial oedema increased rapidly, 
as judged from gross appearance, light-microscopical and ultrastructural 
investigation Unfortunately, the effect of this oedema could not be stud­
ied, since the survival time was too short 
Lillehei et al (1970) stated, however, that a steadily increasing oedema 
during the perfusion is unfavourable, they dissuaded from transplanting 
a graft under these conditions 
С 2 3 Conclusion 
In contrast with the surgical technique which we thought to be adequate 
and give satisfactory results, the preservation technique already mention­
ed was not satisfactory because of the following reasons 
a During the perfusion two factors can have an unfavourable influence 
on the pancreas the perfusion pressure and the medium 
As already mentioned, there appears to be a correlation between the 
perfusion pressure and the occurrence of an oedema Bergan et al ( 1968) 
showed already in a series of exvivo pancreatic perfusion experiments, 
that the blood-flow in the pancreas is very small (mean 23 ml/min ) 
Therefore, when the pressure is raised on purpose, in order to increase 
the flow in an in vitro-system, this will probably lead to higher arteriolar 
and capillar permeability with subsequent oedema 
The problem, which of the perfusion-media is the most adequate for 
pancreatic perfusion, remains unsolved until now Perfusates used in 
kidney preservation, especially Belzer's cryoprecipitated plasma, were 
only used by Dijkhuis et al (1972) Consequently it is difficult to draw 
conclusions whether it may be favourable or not Nevertheless the re­
sults, obtained by these authors, after 24 hours of perfusion (survival 
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up to 24 days), seem to suggest an obvious preference for the standard 
cryoprecipitated plasma in the Belzer's apparatus 
b In comparison to the non-preserved pancreata, the perfusion preser­
vation in our first series seemed to cause more interstitial oedema, parti­
cularly of the exocrine part of the pancreas, as well as more vascular 
thromboses 
с Probably as a result of repeated gasstenlization of the various el­
ements of the Travenol® apparatus, leakage and tearing of siliconized 
parts of this perfusion circuit occurred 
In clinical transplantations, on the other hand, a penod of simple 
hypothermia in a cold immersion medium is commonly used to transport 
the organ to a centre, where the most suitable recipient is to be found, 
and where long term preservation is possible 
On the basis of these considerations we decided, in the second series 
of experiments, to use cool storage as preservation method 
This would mean a considerable simplification of the method and 
also a diminishing of the financial charge inseparable from the use of 
disposable perfusion devices 
С 1 POSTOPERATIVE CARE 
A variety of factors appeared to influence the posttransplantation cour­
se in this first series of experiments 
a The 2 days-postoperative fasting period during which the dog was 
only hydrated and fed intravenously, seemed to be adequate, peristalsis 
generally recurred on the second day, so that alimentation was avidly 
accepted in the third day, without vomiting, while a good production 
of faeces followed A fluid administration of twice 500 ce a day appeared 
to be sufficient, since no loss of weight was observed during this penod 
b Due to the short survival time, a conclusion on optimal therapy 
with antibiotics could not be drawn On the basis of the antibiogram 
of the Pseudomonas infection, which was found in 2 out of the 11 perfusa­
tes, chloramphenicol was considered the most adequate This Pseudomo­
nas infection however is probably specific to the perfusion and not 
relevant to the infection during the postoperative course 
с The same holds true for immunosuppressive therapy The survival 
time was too short, to observe an influence of immunosuppressive drugs 
on rejection 
d The postoperatne administration of atropine to prevent possible 
postoperative pancreatitis, can be subject of discussion At first sight, 
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it may seem to be based on an error of judgment Indeed, the graft 
is completely denervated and a parasympathicolytic action of atropine 
seems improbable Yet, one is groping for the precise effects of vagal 
denervation of the pancreas 
Seddon and Howard (1966a) stated that the basal exocrine secretion 
of a pancreatic graft is even higher than the secretion of a normal pancreas 
(500 to 1700 ml /day in contrast with 200-700 ml /day) They could not 
attribute this to an ischemic lesion of the graft, because other parameters 
stayed normal, such as the bicarbonate production, furthermore they 
could not attribute this greater secretion to a raised arterial perfusion 
pressure, since the results of Tankel and Hollander (1957) could not 
clearly show this relation 
According to Seddon and Howard ( 1966a) the denervation was a possi-
ble cause of the raised basal secretion They established that the choliner-
gic stimuli of food, secretin and pancreozymin, are absent after denervati-
on, so that they concluded that the vagal nerve would not only induce 
an inhibitory control of the pancreatic secretion, but would also make 
the pancreas more sensitive to the hormones 
Consequently, to avoid a possible interference with the function of 
the denervated pancreas, we decided to omit the atropine administration 
in the second series of experiments 
e The postoperatn e Trasvlol® administration too could be discussed 
Its action has been profoundly studied, during the last 10 years especially 
in Europe, the antitrypsin and antikallikrein effects of Trasylol® were 
supposed to have a favourable influence on diseases such as acute 
pancreatitis and disseminated intravascular coagulation Although clinic-
al double blind studies in the United States did not confirm the favourable 
action of Trasylol® in pancreatitis, many experiments and clinical expe-
nences seemed to be attended with good results, so that quite uniformly 
Trasylol® has been used as a therapeutic agent in cases of mentioned 
diseases Moreover several investigators pointed out that a high dosis 
had to be administered to establish clinical activity 
As the double action of Trasylol® (anti-pancreatitis and anti-
intravascular coagulation) could be of some use in our grafts, we decided 
to continue Trasylol® therapy in our second series of experiments in 
the same dosage 
f Treatment with heparin to prevent postoperative thrombosis always 
resulted m bleeding, even in the case of low heparin dosage This bleeding 
necessitated rapid antagomzation of the heparin effect or resulted in 
a fatal postoperative course For that reason no further attempts were 
undertaken to prevent thrombosis by administration of anticoagulants 
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CHAPTER V 
SECOND SERIES OF EXPERIMENTAL 
INVESTIGATIONS 
A. METHODS USED IN THE SECOND SERIES OF EXPERIMENTS 
A.l. MATERIALS 
Mongrel dogs weighing between 16 and 28 kg. were used. They were 
all vaccinated and unwormed. Preoperatively, they were observed during 
a longer period than the dogs in the first series, in order to keep them 
in an optimal shape. 
In this series we performed 15 allotransplantations. Leucocyte compat­
ibility tests were not carried out. However, in this series the dogs were 
not selected at random. Donors and recipients were either littermates, 
or they had a compatible cross-reaction of erythrocytes versus serum. 
The 15 allotransplantations were divided into 4 groups: 
Group V: no preservation (3 dogs) 
Group VI: ± 2 hours preservation (3 dogs) 
Group VII: ± 4 hours preservation (4 dogs) 
Group VIII: ± 6 hours preservation (5 dogs) 
A.2. PROCEDURES, PRECEDING TRANSPLANTATION 
a. Recipient pancreatectomy was always performed, on basis of the 
experiences in the first series, according to Markowitz's method (1964), 
and was done a few days before transplantation. 
b. 1 or 2 days before the pancreatectomy, we started with an antibiotic 
therapy consisting of 300.000 units penicillin and streptomycin 10 mg. 
per kg. daily, and administered prednisolone at the rate of 1 mg. per 
kg. daily. These three medicines were given after the pancreatectomy, 
respectively during 7, 5 and 3 days. 
с The day of the pancreatectomy and the following two days, only 
intravenous fluids were given, namely aminosol-glucose solutions. From 
the third day on, oral alimentation was gradually administered. It consist­
ed of a diet, rich in proteins. 
d. Beginning on the day of pancreatectomy, insulin was given subcuta-
neously, dependent on the daily fasting blood sugar values. A medium-
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long working insulin-preparation was used (N.P.H.-insulin® (Organon)). 
For its dosage we outlined a certain scheme: 
Fasting glycemia 
less than 2,75 mmol/l 
2 , 7 5 - 5.50 mmol/l 
5 , 5 0 - 11,00 mmol/l 
11,00- 16,50 mmol/l 
16,50 -22,00 mmol/l 
22,00 - 27,50 mmol/l 
more than 27,50 mmol/l 
Morning dosis in U. 
4 - 6 
4 - 6 
4 - 6 
4 - 6 
4 - 6 
4 - 6 
4 - 6 
Evening dosis in U. 
0 
4 
6 
8 
10 
12 
14 
Table 3. Insulin therapy after pancreatectomy 
The morning dosis was fixed arbitrarily, at first on 4 U., later (about 
the middle of the series) on 6 U. N.P.H.-insulin®; in the last case the 
glycemia appeared to be easier to regulate. 
e. As soon as oral alimentation was started (3rd postoperative day), 
the exocrine pancreatic function was supplied by means of pancreatic 
extract, in a dosis of 3 χ 6 granules daily. 
f. Finally the as a liver protecting agent methiocholin was given to 
these diabetic dogs in a dosis of 3 χ 1 capsule a day, as soon as alimentation 
was possible. This preparation contained 100 mg. methionine and 100 
mg. choline citrate per capsule. 
g. The period between pancreatectomy and transplantation varied from 
one dog to another, between 11 and 42 days, as can be seen in the 
following table. 
Number of days Number of dogs 
14 2 
18 1 
21 3 
24 2 
26 1 
28 2 
42 1 
Table 4. Period between pancreatectomy and transplantation (mean 21 days). 
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We tried to perform the transplantation 2 to 3 weeks after the pan-
createctomy, for purposes to be explained later on. However, some 
complications forced us to postpone the transplantation in a few dogs. 
A 3 PRESERVATION OF THE GRAFT 
Considering our first series, in this second series of experiments, we 
decided to apply simple hypothermia as preservation method during 
a certain period. 
Immediately after the organ was removed from the donor, an arterial 
gravity perfusion via the coeliac artery was performed. This flushing 
of the graft enhanced the efficiency of the whole organ cooling by a 
rapid heat exchange over a large vascular surface area. Flushing was 
done with a 40C cooled fluid, also used later as an immersion medium 
during the preservation penod. 
About 200 to 300 cc of this solution were needed to obtain, in about 
10 minutes, a bloodless venous effluent. During this flushing, the organ 
got cold and pale, meanwhile the graft was prepared for transplantation: 
the different branches of the artena hepática propria (in the dog always 
at a number of 5) were hgated and the oral duodenal stump was closed, 
by means of an inverting purse-string suture After flushing, the infusion 
catheter was clasped on the arterial line (to prevent air embolism later 
on) and intersected; the graft was immersed in the preservation medium 
and placed in a sterile chamber in the refngerator (temperature 40C.). 
As flushing fluid and also as immersion medium we used the preservation 
solution recommended by Largiadèr (1970b), consisting of: 
a. a basic solution. 
Na+ 
K + 
Ca+ + 
Mg+ + 
Cl-
Acetate-
Asparaginate-
Glucose 
Dextran (M.W. 40.000) 
140 mEq./l. 
10 mEq./l 
5 mEq./l. 
3 mEq./l. 
102 mEq./l. 
50 mEq./l. 
6 mEq./l. 
2 g./l. 
50 g./l 
79 
b. to this basic solution following ingredients were added immediately 
before preservation: 
heparin 50 mg. 
TRIS 0,3 Ν. 1,25 ml. 
procaine 500 mg. 
NaHCOs 5% to pH 7,4 
The basic sol·, ion was prepared as follows: 
4,914 g. NaCl 
6,8 g. Na-acetate 
0,798 g. Na-asparaginate 
0,745 g. К Cl 
0,547 g. Ca Ch . бНгО 
0,305 g. Mg СЬ . 6H2O 
2 g. glucose 
50 g. dextran (M.W. 40.000) 
The pH of this solution is 7,44. 
(= 84 mEq.) 
(= 50 mEq.) 
(= 6 mEq.) 
(= 10 mEq.) 
(= 5 mEq.) 
(= 3 mEq.) 
solution ad 1 litre. 
The solution was sterilized. 
A 4 TRANSPLANTATION 
a. Generally, we used a pancreaticoduodenal allograft. In 2 out of 
15 transplantations this procedure failed as a result of an inadequate 
blood supply of the duodenum and the processus uncinatus pancreatis, 
so that, in these 2 cases, we transplanted only the pancreatic tail, either 
ligating the pancreatic duct, or performing a pancreaticojejunostomy. 
b. In the 13 other cases the duodenum was closed orally and fixed 
to the psoas muscle; an intestinal drainage of the pancreatic juice was 
established by means of an end to side duodenojejunostomy (in 5 cases) 
or by means of a Roux-Y-duodenojejunostomy (in 8 cases). 
In all 15 cases the graft was placed in the right fossa iliaca with iliaco-
coeliac and porto-caval anastomoses. 
A 5 POSTOPERATIVE CARE 
A few changes were added to the postoperative scheme: 
a. The intravenous administration of fluids and calories was maintained 
as in the first series and as after pancreatectomy. Blood was always 
taken from the donor (400-500 ml.) and given to the recipient about 
6 hours after transplantation. On the third postoperative day oral feeding 
was started. 
b. As antibiotics, penicillin and streptomycin were administered intra-
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muscularly, respectively 600 000 U a day during 7 days and Чг g daily 
during 5 days 
с Daily 100 000 U of Trasylol® were given intravenously during 10 
days 
d The immunosuppression was intensified azathiopnne (Imuran®) 
was given orally at a rate of 5 mg /kg from the first postoperative day 
till the moment of death, moreover, prednisolone (Di-adreson-F ®) was 
administered in variable quantities from the first postoperative day on, 
dependent on the biochemical rejection signs and with a maximum of 
100 mg daily Recipients of the same litter as the donors received only 
25 mg Imuran® a day 
e After pancreatectomy as well as after transplantation 25 mg of 
nandrolone decanoate (Deca-durabohn®) intramuscularly was given 
weekly 
A 6 BIOCHEMICAL DETERMINATIONS 
As in the first series of experiments, determinations of glucose, amyl­
ase, lipase and calcium were performed daily, before and after pan­
createctomy, as well as after transplantation Furthermore, weekly, glu­
cose tolerance tests (GTT) were performed by rapid intravenous injection 
of г gram of glucose per kg body weight Immediately before, as well 
as 15, 30, 60, 120 and 180 minutes after injection, blood samples were 
taken to determine glucose and insulin values For insulin determinations 
the Hunter and Greenwood radio-immuno-assay method was used (Hun­
terand Greenwood 1962) Normal glucose and insulin values after glucose 
load in 4 control dogs are shown in the following charts 
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glycemiQ ( m m o l / I ) 1 insuhnemia ( uU/ml ) — 
2 0 0 
• 15 30 60 120 180 min • 15 30 6 0 120 180min 
time alter injection time after injection 
Fig. 31. Serum glucose and insulin values after intravenous glucose load in 4 control 
dogs. 
Moreover blood samples were taken for daily leukocyte count, weekly 
leukocyte differentiation and some hematocrit determinations. The nor-
mal number of white blood cells in the dog ranges between 8 and 18.109/l. 
(mean 12.109/1.) (Albritton 1951). 
A 7 BIOPSIES 
•The biopsy samples were taken in the same way as in the first series 
of experiments. Furthermore in 3 of the 15 dogs a laparotomy was 
performed after 24i weeks in order to obtain additional biopsy material. 
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В. RESULTS OF THE SECOND SERIES OF EXPERIMENTS * 
В I COURSF- AI I KR PANCREA I hC IOMY 
B.I.I. The pancreatectomy itself did not result in any mortality, in 
contrast to the experiences of Cuilleret et al. (1967) and Mural and 
Moore (1967) (2 massive mortal lung emboli after 4 and 47 days in a 
group of 15 dogs). Six hours after pancreatectomy we started with insulin 
therapy, as mentioned above. Next to it, exocrine supplies and liver 
protective agents secured a physiologic optimal condition before 
transplantation. It is known, indeed, that pancreatin and methionine 
can not only prevent a fatty infiltration of the liver, but can even diminish 
it, when it exists already (Dragstedt et al. 1954). 
В. 1.2. By daily determinations, fluctuations in glucose, calcium, amyl­
ase and lipase concentration and leukocyte counts in the blood were 
followed. 
B. 1.2.1. Lipasemia 
We established that, after pancreatectomy, 2 patterns were possible 
dependent on the type of dog: 
a. in all shepherds, except 1 (6 in total), an abrupt serum lipase rise 
occurred, followed by a sudden fall and attaining after about 5 days 
normal to low-normal values. 
b. in the other dogs an important decrease of the lipasemia occurred 
immediately after pancreatectomy, to reach values which were from 
low normal to scarcely measurable. 
В. 1.2.2. Amylmcmiu 
Generally, after pancreatectomy, amylase values fluctuated between 
50 and 1200 U./l., just as before pancreatectomy, indicating that other 
sources of amylase production could maintain a normal serum amylase 
concentration. 
В. 1.2.3. Give ernia 
With the insulin administrations twice a day, it appeared possible 
to limit the glycemia within normal proportions. Yet, notwithstanding 
the daily adaptions of the evening insulin dosis according to the fasting 
* All dogs of the second senes are classified under label F and numbered from 1 to 
15. 
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days after pancreatectomy 
JFig 32. Lipasemia after pancreatectomy (second senes) 
a. Lipasemia in two shepherds 
b. Mean value of serum lipase in 6 dogs, other than shepherds. 
olood sugar of the same day, important fluctuations appeared in the 
glycemia as a result of alimentary and other factors. This resulted in 
a diabetic glucose pattern, as indicated in a surveying graphic of 3 dogs. 
However, a hyper- or hypoglycemic coma was not observed. 
glycemia(mmol/I ) 
4 0 -
3 0 -
2 0 -
Θ 10 12 I 16 1Θ 20 22 24 
days after pancreatectomy 
Fig. 33. Glycemia after pancreatectomy in 3 dogs (second series). 
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В 1.2 4. Gucose tolerance tests (GTT) 
As a result of the absence of the pancreas, very high glucose levels 
and very low insulin levels were found after I.V. glucose injection, as 
seen in the figures 
glycemio (mmol/t) msulincmio (i iU/ml)-
70-
60-
50 
40-
30-
20 
lO-
IS 30 60 120 180 • 15 30 60 120 180(min> 
Irme after injection 
Fig 34 Glucose and insulin levels after glucose load in two pancreatectomized dogs 
(second senes) 
В. 1.2.5. Calcemia 
After pancreatectomy the calcemia showed slight fluctuations, but 
except the dip which appeared about 48 hours after pancreatectomy, 
these fluctuations seemed not very important. This is illustrated by a 
graphic of calcium values in 9 dogs, after pancreatectomy. 
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calcemia (mmol/l )-
3 0-
2.5 
2.0-
number 
of dogs 
-ι 1 г 
12 16 
PE 
20 24 28 32 36 
days after pancreatectomy 
Fig. 35 Calcemia after pancreatectomy m 9 clogs (second чепе1;) 
Indication of mean and extreme values. PE = pancreatectomy. 
B. 1.2.6. Leukocyte count 
As a result of the surgical intervention, we always found a postoper­
ative rise of the white blood cell count, which was mostly normalized 
after the first week. 
In case of infection occurring before transplantation, a rise of the 
leukocytes was observed again, regressing after adequate antibiotic the­
rapy. 
B.I.3. Complications after pancreatectomy 
a. Nothwithstanding the insulin therapy and the exocrine substitutive 
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Iherapy panucatectomy m most ot the cases lesiilted m a more 01 
less sei mus loss of weight This is clearly shown m lollowmg table 
Transpl day After 1 w After 2 w After ? w After 6 w 
Ь4 
F6 
F7 
F9 
FIO 
26 kg 
20 S kg 
2f> kg 
21 kg 
21 kg 
21 kg 
: s ^ kg 
17 S kg 
2^ kg 
22 S kg 
Π kg 
">() S kg 
Table 5 Weight course after pancreatectomy in S dogs 
As the dogs mostly showed a good appetite, an inadequate digestion 
must be held responsible for this loss of weight 
b Only occasionally the healing of the wound was disturbed, possibly 
as a result ot the diabetic condition In this way in 2 out of IS dogs, 
a partial wound disruption occurred, which involved secondary wound 
suture and antibiotherapy A peritonitis inevitably followed this wound 
disruption These two dogs however remained in a good condition As 
a result of the peritonitis, intraperitoneal adhesions occurred in one of 
these dogs, inducing an ileocecal resection during the transplantation 
operation 
с Five of the 15 dogs got pneumonia It was treated with antibiotics 
and could always be controlled 
d The completeness of the pancreatettomy was macroscopically 
established in all dogs, during transplantation as well as at autopsy 
Fecal digestion tests, as advocated by de Gruyl et al (1972b) were not 
performed, because of following observations 
According to Bergan et al ( 1965) an obvious regeneration of the pancreas 
occurs after 6 oi 7 days, inducing a perceptible lowering of the glycemia 
and a consequently minor insulin need (in his series in 4 out of the 
18 cases) 
Consequently in order to exclude this regeneration, all our dogs were 
kept without pancreas for longer than 10 days A perceptible serum 
glucose fall or smaller insulin need was not noticed Moreover, as 
regeneration of the pancreatic tissue was not observed by us, neither 
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at transplantation, nor at obduction it is likely that the Markowitz-
pancreatectomy has been complete in all cases In our opinion, this 
regeneration - as seen by Bergan et al (1965) - rests on the fact that, 
too often, small pancreatic remnants are left behind along the vascular 
pancreaticoduodenal arcade and on the duodenal wall (Grenier et al 
1967) These pieces, however, were meticulously removed during our 
operations, without inducing complications at the level of the duodenum 
We agree with Murat and Moore (1967) that selective ligation of the 
pancreatic branches of the arteria gastro-duodenalis and lienahs is possi­
ble in spite of anatomic variations 
В 2 OBSERVATIONS DURING PRESERVATION 
Contrasting with the first series of expenments, following macroscop-
ical features of the organ were observed 
a in the graft macroscópica! pancreatic oedema never occurred during 
preservation 
b the colour of the transplant always remained uniformly pale like 
at the moment flushing finished 
с dala about weight changes of the graft or biochemical determinations 
of the preservation medium, before and after preservation, were not 
considered as being significant and have been omitted on the basis of 
the considerations in the first series 
d there were no indications for infections which could have pointed 
to a contamination of the preservation medium 
В 3 OBSERVATIONS DURING IMPLANTATION 
a The graft always regained its normal colour, except in 1 of the 15 
cases, where an acute cyanotic discoloration of the graft necessitated 
transplant ectomy 
b In contrast with the experiences of the first series, macroscopical 
pancreatic oedema was observed only exceptionally and to a very little 
extent after revascularization 
с After each transplantation (except in the 2 isolated pancreatic grafts) 
we observed contractions of the duodenum, as well as a mucous, slightly 
hemorrhagic secretion out of the duodenum 
d The period of warm ischemia necessary to make the blood vessel 
anastomoses was shortened (mean 25 minutes) 
e During the implantation of the graft we paid attention to the condition 
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of the other intraperitoneal organs: a macroscopically perceptible regen-
erate of the recipient pancreas was never seen. Sometimes the liver 
seemed to show a slightly dark discoloration. In one case we were obliged 
to perform an ileocecal resection, followed by a Roux-Y anastomosis 
of the duodenal graft on the colon ascendens: this was due to intra-
abdominal adhesions (after a post-pancreatectomy wound disruption). 
Finally, during the transplantation we did not find any changes in the 
other intra-abdominal organs. 
B.4. OBSERVATIONS AFTER TRANSPLANTATION 
B.4.1. Survival oj the dogs 
In the different groups the survival of the dogs appeared to be the same: 
Group V (no preservation) : 3 dogs : 1/2/25 days. 
Group VI (2 hr. preservation) : 3 dogs : 2/21/40 days. 
Group VII (4 hr. preservation) : 4 dogs : 2/4/12/32 days. 
Group VIII (6 hr. preservation) : 5 dogs : 0/10/31/34/66 days. 
B.4.2. Postoperative clinical course 
B.4.2.Ì. Comparing with the first series of experiments, the immediate 
postoperative course seemed to be better. In most of the cases the dog 
awoke swifter and recovered prompter than in the first series. 
The reasons of this could be: 
a. the staged performance of pancreatectomy and transplantation resul-
ting in a shorter duration of the anesthesia and in a less extensive laparoto-
my (Bergan et al. 1965). 
b. the systematic administration of donor blood to the recipient some 
hours after transplantation (Guilleret et al. 1967). 
В.4.2.2. The postoperative course followed one of the next 3 patterns: 
a. after a first short phase (± 24 hours) of good general condition 
(cheerfully running about in the kennel), a quite rapid progressive decline 
of the general condition followed with fatal course within 48 hours, 
sometimes a bit later. To this group belonged 6 dogs, namely F2 and 
F5 (no preservation), F3 (two hours preservation), F9 and FIO (4 hours 
preservation) and F12 (6 hours preservation). As we shall see later on, 
this acute fatal course of events is mostly caused by vascular thromboses 
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and frequently, as in the first series the result of tet-hnical failures 
b after a first short phase of good general condition the dogs recovered 
completely from the operation and after a few days they behaved like 
normal dogs, so far as appetite and activity were concerned After 2 
to 3 weeks however, the general condition declined, the appetite decreas­
ed progressively, a rebellious diarrhea arose and the dogs became weaker 
and weaker to die finally in a cachectic condition To this group belonged 
5 dogs, namely Fl (no preservation), F4 and F6 (2 hr preservation) 
F7 (4 hr preservation) and FI4 (6 hr preservation) 
с After a phase of complete recovery, as m the previous group, the 
dogs remained in a good general condition kept a good appetite and 
produced normal stools, although a lingering loss of weight was percept­
ible At a certain moment, however, they showed signs of bronchopneu­
monia characterized by progressive weakness and purulent nose secre­
tions and they lost appetite and activity As a result of intensive antibiotic 
therapy as well as serotherapy, revovery proved to be possible (F13) 
but mostly a marked sepsis occurred and death followed as a result 
of an irreversible septic shock We observed this course in 4 dogs, namely 
F8 (4 hr preservation), Fl 1, F13 and FIS (6 hr preservation) 
В 4 2 3 Weight oj the dogs after transplantation 
As mentioned, no increase of weight was observed after transplanta­
tion, except in one dog (FI5) It appears that out of 4 dogs of which 
precise weight curves are known from the moment of the transplantation 
until death, one dog (F15) showed an increase of 5 kg in 34 days, 
the others, on the contrary, showed a weight loss of ІЧі, 4 and 5 kg 
in respectively 12, 40 and 32 days As in most of the dogs a moderate 
to serious loss of weight already occurred during the period after pan­
createctomy, a further decrease of weight often resulted in a marked 
cachexy 
В 4 2 4 Diari hea 
Five dogs got diarrhea after transplantation it consisted mostly of 
a stinking thin mash Although no digestion studies of the stools were 
performed, it seems probable that this steatorrhea, especially in a later 
postoperative phase, has to be ascribed to an insufficient exocrine pancre­
atic excretion in the intestine Besides the tact, that all dogs received 
an appropriate protein-rich diet, Reasec® was given in case of diarrhea 
A dosis of 0.1 mg Reasec s perkg daily which we gave at the beginning, 
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appeared lo be insufficient wheieas 0 4 mg pei kg daily caused an 
impoitanl legless of the diarrhea On purpose we did not give exocrine 
supplies in these cases, in order to let the blood concentrations of the 
pancieatic enzymes show a reliable index of the exocrine pancreatic 
lunction 
В 4 2 5 Biotte liopnenmonia 
Although all dogs had been vaccinated, bionchopneumoma occuned 
in 4 recipients, always with fatal issue It concerned either a primary 
viral bronchopneumonia, often followed by a tracheobronchitis, rhinitis 
and conjunctivitis, or a primary bacterial infection Remarkably, no fever 
occiiiied in these cases Symptoms included cough, weakness and gener­
al illness, loss of vitality and, in a case of super-infection, purulent 
nose secretion Pseudomonas, Escherichia coli and Alcahgenes faecahs 
were grown of the sputum specimens Antibiotics, supplied on basis 
of sensitivity determinations, did only once and only temporarily, induce 
an amelioration of the pneumonia As we will see later on, this clinical 
bronchopneumonia corresponded with serious alterations of the lung 
parenchyme, macroscopically as well as microscopically The etiological 
factor responsible for this disease is doubtlessly the reduced resistance 
of the recipient against infections, as a result of high doses of immunosup­
pressives 
В 4 3 Postoperative biochemical course 
В 4.3 1 Lipasemia 
The most remarkable of the biochemical observations after transplanta­
tions, appeared to be the course of the lipasemia 
Presented diagrams are suggestive of the following conclusions 
a In the series of 5 dogs which died early, either as a result of arterial 
thrombosis, or leakage peritonitis, a significant lipase rise occurred within 
48 hours This lipasemia remained high, although with some fluctuations 
during the first days after transplantation, then either persisted or 
decreased in a preterminal stage Remarkable is that 4 out of these 
5 dogs were shepherds, in which, already after pancreatectomy, we 
found abnormally high lipase values 
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12 16 
days after 
transplantation 
Fig. 36. Lipasemia in 5 dogs, dying early after 
transplantation of grafti, preserved respectively 
during 0 (F2 and F3), 4 (F7 and F9) and 6 hours 
(F14). 
b. In most other dogs (of which only F15 was a shepherd) a slight 
although obviously constant lipase rise occurred during the first 24 hours, 
to be normalized again after 48 hours. This slight rise could be explained 
by wash-out of enzymes in blood and lymph pathways after revasculariza­
tion (Cariati et al. 1972), and/or as a result of manipulation and ischemia. 
с In these dogs the lipase levels remained normal during the following 
days until an abrupt increase occurred, generally after about a week. 
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days after transplantation 
Fig. 37. Lipasemia in 5 dogs after transplantation (second series). 
Noticeable was that, the longer the graft was preserved, the more this 
lipasemia seemed to rise later after transplantation. Indeed, this raising 
occurred as follows: 
FI (no preservation): after 4 days. 
F4 and F6 (2 hours preservation): both after 5 days. 
F7 and F8 (4 hours preservation): after 7 and 11 days. 
F13, F15 and F l l (6 hours preservation): after 5, 11 and 17 days. 
d. After this phase of immeasurably high lipase concentrations, the 
lipasemia fell. There wasn't any relation between the moment of the 
lipase decrease and an eventually intensified immunosuppression; it 
sometimes fell abruptly in a preterminal phase, but mostly it decreased 
rather fast to return to normal values. 
e. During this shorter or longer phase of normalization of the lipasemia, 
fluctuations some times occurred, what could be attributed to new rejec­
tion crises or to other reasons. 
B.4.3.2. Amylasemia 
Results of the daily determinations of amylase concentrations generally 
proved to be less significant than lipase values. Certainly, the difficulties 
we endured in the beginning with the biochemical determinations itsel.f, 
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using a semiqudntitdtive method, could be held responsible for a lot 
of these initial problems of intetprelation Indeed, later on more reliable 
results were obtained by using another semiquantitative method The 
reliability of this last method was assessed by means of in duplo 
determinations Nevertheless, even using this second method, the amyla-
semia showed definite vanations only m a few cases Generally, the 
same amylase fluctuations as after pancreatectomy, persisted after tran­
splantation Only in two cases we were able to detect a slight amylase 
rise, which could possibly be related to rejection The amylase curves 
of these two dogs are shown in following figures 
Hence, it appeared that the amylase rise was much less constant and. 
as visible on the diagrams, by far less intense than lipase variations 
amy asem ia 
U/l 
1600 
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Θ 0 0 
4 0 0 
ΑΛ7\\ / 
Ό ° -τ­
ο/. N.. 
lipase 
г se 
12 16 2 0 24 28 32 36 40 
days after transplantation 
Fig 38 Aimlaseima after ¡ransplanlulwn in two dogs, showing an 
amylase rise 1 to 3 days after the lipase rise 
В 4 3 3 Gly cernia 
After transplantation the glycemia, mostly immediately, decreased 
until, after about 6 hours, a normal to low normal level was reached 
An obvious hypoglycemia was not noticed Distinct features, as for 
instance pancreatic oedema, observed in the first series, and possibly 
responsible for this hypoglycemia, were macroscopically absent in the 
second series Afterwards the glycemia progressed differently according 
to the 3 evolution types 
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a. the glycemia rose again after about 9 hours and reached rather 
quickly diabetic levels. This was found in dogs which died early (evolu­
tion group 1) and in which an arterial thrombosis was demonstrated 
at obduction. 
g l y c e m i a ( m m o l / l ) • 
30-
20 
10-
'Δ F9 
— Ι ι ι ι Ι ι ι ι ι 1 1 1 
• 12 24 48 72 96 
TR hours after transplantation 
Fig. 39 Glycemia after transplantation in 3 dogs in which arterial 
thrombosis occurred 
b. the normalization of the glycemia persisted, whereas the dog died 
in an irreversible shock. At obduction an intra-abdominal bleeding was 
found. 
c. during the days after transplantation the glycemia remained practi­
cally constant at a normal to slightly increased level. Though daily varia­
tions occurred, the average glycemia remained between 5 and 7 mmol/l. 
A surveying graphic gives the curve of the daily mean value of the 
glycemia with quartile deviations. 
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days after transplantation 
Fig. 40. Glycemia after transplantation ¡n 9 dogi, living more than 5 days. 
A preterminal glucose rise could only be noticed in two dogs, one with 
a venous thrombosis and an other with terminal rejection. 
B.4.3.4. G.T.T. -glycemia 
The curves of the weekly performed GTT's did not exhibit convincing 
differences with regard to the variable duration of the preservation. On 
the other hand with increasing survival the curve showed a slow tendency 
towards pathological values (especially distinct in Fll and F15). When 
comparing the curves after transplantation with GTT-curves after pan-
createctomy, the former normalized and approximated normal GTT-
curves. Nevertheless they seemed to become progressively more diabetic 
(as in diabetes incipiens). Indeed, we noticed that: 
a. the glycemia often exceeded 10 mmol/1. 15 minutes after glucose 
loading. 
b. it often happened that the glycemia no longer fell beneath 6 mmol/1 
30 minutes to an hour after intravenous glucose administration. 
As not all dogs remained starving till the end of the test, the slight 
terminal rise, which was found in a number of GTT's could be the 
result of oral glucose intake. 
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Fig. 41, 42, 43 and 44. G.T.T.-glycemia curves in four dogs with indication of num­
ber of days or weeks after transplantation. 
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B 4 3 5 GTT - insulinemia 
After transplantation the GTT-msulinemia showed curves which were 
nearly normal The rather plane curve with low values, which occurred 
after pancreatectomy, was normalized after transplantation 
In the postoperative course however, possibly as a result of rejection, 
this curve appeared to become gradually more pathological, character-
ized by a diminished rise after 15 minutes and a pronounced rise after 
2 to 3 hours Moreover in those cases of terminal endocrine insufficiency, 
in which hyperglycemia occurred (F14 and F15) as a result of rejection 
or venous thrombosis, the same curves were found as those seen after 
pancreatectomy 
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Fig 45 and 46 GTT-insulinemia curvai in (wo dogs with indication of number 
of weeks after transplantation 
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Fig 47 and 48 G Τ Τ -insulinemia curves in two dogs with indication of number 
of weeks after transplantation 
В 4 3 6 Calcemia 
In the dogs with a short survival, postoperative serum calcium varia­
tions occurred, out of which however no relevant conclusions could 
be drawn 
In the dogs with a longer survival, following variations occurred. 
a shortly after transplantation, the calcemia reached low values after 
2 to 3 days, after which it quickly normalized 
b later on, except for a few minor variations which could be physio­
logic, the calcium values remained constant 
с preterminal a calcium decrease could be observed 
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Fig. 49. Calcemia after transplantation in 7 dogs with indication of normal values 
and daily number of dogs. 
B.4.3.7. Total leukocyte count 
The number of leukocytes in the blood showed remarkable variations, 
after transplantation. It was not always possible to find an adequate 
interpretation of these fluctuations ; all the more that they were not always 
correlated with the clinical condition or with other biochemical values. 
During the first 4 or 5 days the effect of the operation was characterized 
by a primary rise of the leukocyte count. 
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Fig. 50. Leukocyte count after transplantation in 3 dogs, in 
which an obvious hyperlipasemia was found 
A secondary increase of the white blood cell count seemed to be 
more suggestive of a rejection crisis. On purpose we separated in the 
figures the dogs with an increase of the lipase concentration after tran­
splantation, from the group without such increase. In the dogs with 
a strong hyperlipasemia. an obvious leukocytosis appeared in the period 
of the lipase rise and diminished again when the lipasemia fell. Moreover, 
in this period of leukocytosis, the clinical conditon was excellent, so 
that we could not think of the existence of any infectious process. This 
secondary leukocyte rise occurred generally about 8 days after 
transplantation (6-10 days). 
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days after transplanlat on 
Fig 51 Leukocyte count after transplantation m 
2 dogs, in which only a slight rise was found 
Furthermore, an obvious rise of the leukocyte count occurred, of 
course, in case of infection Especially the appearance of clinical symp-
toms suggesting bronchopneumonia were attended with a distinct leuko-
cytosis A fall of the white blood cell count took place either preterminal, 
or as a result of the regression of the pneumonia Peritonitis, resulting 
from perforation of the intestine was not attended with an obvious increa-
se of the leukocytes 
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Fig 52 Leukocyte count after transplantation in the longeU surviving dog with 
indication of the periods of hyperlipasemia and bronchopneumonia 
В 4 3 8 Differentiation of the leukocytes 
Significant changes in the white blood cell differentiation were observ­
ed, neither after pancreatectomy, nor after transplantation In the longer 
surviving dogs we could see younger forms of the lymphocytic senes, 
without significant increase in number of lymphocytes This occurrence 
of lymphoblasts could be seen as a manifestation of an immunological 
reaction 
В 4 3 9 Hematocrit 
As a result of our experiences in the first series, in which a great 
number of thromboses occurred, which were held responsible for early 
death, special attention in this second series of experiments was paid 
to the postoperative hematocrit 
Idezuki et al (1968b) established already that shortly after transplanta­
tion, an obvious increase of hematocrit occurred This could be one 
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of the possible causes of venous thrombosis. 
Yet, on the basis of some blood samples taken at random in the first 
postoperative phase, a significant hematocrit rise could not be found. 
Taking into consideration that, shortly after transplantation, all dogs 
received 400 to 500 mg. donor blood, it became obvious that the slight 
hematocrit rise, as seen on the graphic, couldn't possibly be of any 
significant importance. 
Consequently, a direct relation to postoperative thrombosis could not 
be shown on this basis. 
hematocri t ( l / l ) 
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Fig. 53. Hematocrit shortly after transplantation. 
B.4.4. Clinical causes ofdeaJh. 
As in the first series the causes of death have been based on clinical 
and macroscopical autopsy data; they could be divided as follows: 
B.4.4.1. vascular thromboses (5 dogs) 
a. arterial thrombosis: I dog. 
b. venous thrombosis complicated by a pulmonary embolism: 2 dogs. 
с combined arterial and venous thrombosis: I dog. 
d. combined arterial and venous thrombosis complicated by a pulmon­
ary embolism: 1 dog. 
Four out of these 5 dogs appeared to show an early vascular thrombosis, 
which caused death within 4 days after transplantation. The remaining 
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dog showed a fatal syndrome suggestive of pulmonary embolism 44 days 
after transplantation 
В 4 4 2 bleeding ( I dog) 
В 4 4 3 peritonitis as a result of dehiscence of the anastomosis (4 dogs) 
a Roux-loop - intestine 1 dog 
b duodenum - Roux-loop 2 dogs 
с pancreatojejunostomy I dog 
В 4 4 4 pneumonía (3 dogs) 
a without sepsis 1 dog 
b with sepsis 2 dogs 
В 4 4 5 cachexia as a result of exocrine insufficiency (1 dog) 
В 4 4 6 primary non functioning graft (1 dog) 
Like in the first series of experiments, the clinical death causes are 
classified in the following table 
Vascular causes 
Infectious causes 
Pancreatic causes 
. 
^thrombosis 
arterial 
venous 
combined 
bleeding 
anaslomolic insufficiency 
rwith antslomotic dehisceni-y 
peritonitis -
[.without anastomotic dehiscency 
pneumonia 
-exociinc insufficiency 
.non functioning graft 
1 
2 
2 
1 
0 
4 
0 
3 
1 
1 
Table 6. Survey of clinical death causes (second scries). 
В 4 5 Histological electron microscopical and histoc hemic al obsena-
tions 
В 4 5 I Histological obsenations 
В 4 S 1 I Findings immediateh after cool stotage presenation 
\0ï 
In comparison to the histological observations of the two hours perfus­
ed grafts of the first series, the changes after cool storage preservation 
were less pronounced and even absent in several cases (5 out of 12 
preserved grafts). 
a. In some cases an interstitial oedema was evident, mostly slight 
(5 times) but occasionally severe (twice). Surprisingly enough this micro­
scopically observed interstitial oedema never produced a macroscopical 
pancreatic oedema as had been seen in the first series. Furthermore 
in two cases this oedema was also noticeable in control specimens taken 
before the removal of the donor organ. Finally, the occurrence and 
the degree of the interstitial oedema was in no way correlated to the 
preservation time. 
b. In two cases slight and focal endothelial damage was observed. 
с In some cases, probably as a result of inadequate flushing, blood­
vessels still contained erythrocytes, leukocytes or an amorphous substan­
ce. The two latter changes were always slight except for one case (F12) 
in which extensive endothelial lesions were found while various arteries 
and vein were stuffed with disintegrated erythrocytes. 
Fig. 54. Pancreas after 4 hours of cool storage 
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В.4.5.1.2. Findings 30 minutes after revascularization 
a. The interstitial oedema became clearly more severe and was obvious 
in all cases. Mostly it remained proteinous, sometimes it was hemorrhag­
ic. In a few cases it induced a dissociation of acini. 
b. The endothelial damage remained moderate and limited to small 
areas. 
с Venous congestion was seen in some cases, while in others sludge 
formation occurred. In one graft (F9) a fresh arterial thrombus was dia­
gnosed. 
d. Several times a slight to distinct increase of polymorphonuclear 
cells particularly within small veins could be demonstrated. 
e. Occasionally fine granulated fibrin deposits occurred in small blood­
vessels. 
Fig. 55 and 56. Light microscopical specimens 30 minutes after revascularization of 
a 4 hours preserved pancreas, showing respectively distinct interstitial oedema and 
endothelial lesions with accumulation of PMN.-cells. 
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Fig. 56 
В.4.5.1.3. Findings at laparotomy and autopsy 
As in the first series, a variety of histopathological changes could 
be noticed reflecting the possible cause of respectively death or graft 
failure. 
a. Early graft necrosis due to arterial andjor venous thrombosis (the 
first four days after transplantation: 6 cases). 
Correlating with macroscopical autopsy findings, thrombotic events 
led to complete pancreatic or pancreaticoduodenal necrosis. Arterial 
thrombosis resulted in ischemic necrosis, frequently combined with intra-
and perivascular fibrin deposits. In one case (FIO), infectious agents 
were demonstrated in the ischemic necrotic parenchyma. The aforemen­
tioned inadequately flushed graft (Fl2) exhibited fresh thrombi in the 
ischemic areas. In cases of venous and combined arterial and venous 
thrombosis the graft was hemorrhagic and necrotic. Various areas of 
the ischemic and hemorrhagic necrotic grafts were infiltrated with poly­
morphonuclear cells. No signs of acute rejection could be detected in 
these grafts up to four days after transplantation. 
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Fig. 57 and 58. Early pancreatic necrosis, respectively ischemic and hemorrhagic. 
b. Early graft rejection and atrophy ( 1 to 3 weeks after transplantation). 
Autopsies, performed in case of death during the second week, as well 
as laparotomies performed in the third week in order to achieve biopsy 
specimens for histological examination, demonstrated early signs of graft 
rejection or atrophy. The interstitial oedema was condensed and was 
occasionally transformed into connective tissue. Acinar cells were 
vacuolated and dissociated, whereas interacinar spaces were often dis-
tinctly fibrotic. Cytolytic changes were particularly seen in the lobular 
periphery. Various mononuclear cells were infiltrating irregularly the 
vascular supporting tissues and occasionally accumulated focally. In 
the grafted duodenum too, moderately dense infiltrations of mononuclear 
cells were noted in the submucosal layers. 
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Fig, 59 and 60. Pancreatic fibrosis with respectively condensed interstitial oedema 
{one week after transplantation) and accumulation of MN.-cells in pancreatic tissue 
(biopsy 17 days after transplantation). 
c. Late graft rejection and atrophy (longer than 3 weeks after 
transplantation: 5 cases). 
About three weeks after transplantation, the mentioned atrophic chan-
ges became very obvious. Dense connective tissue replaced large por-
tions of the pancreatic parenchyma and left only small areas of normal 
lobuli. These consisted of vacuolated acinar cells and were moderately 
to densely infiltrated with mononuclear cells. The duodenum too showed 
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slight to distinct infiltration of MN.-cells* in all except muscular layers. 
The villar connective tissue was slightly augmented. Small lymphocytes 
accumulated particularly in the apex of the villi. Plasma cells were found 
in the intervillous tissue. 
Fig. 61. Severe pancreatic atrophy, 25 days after transplantation 
* MN.-cells : mononuclear cells 
PMN.-cells ; polymorphonuclear cells 
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Fig, 62. Infiltration of MN.-cells into atrophic pancreatic tissue, 34 days after trans-
plantation. 
d. Extrapancreatic infections as a cause of death (more than 4 weeks 
after transplantation : 3 cases). 
In three cases rejection events were practically absent in the pancrea-
ticoduodenal grafts. Only very small focusses of infiltrating MN.-cells 
were seen in both the pancreas and the duodenum. Nevertheless, atrophic 
changes remained very distinct with dense fibrotic zones and parenchym-
al areas replaced by connective tissue. In the longest survivor (F13), 
this atrophy of pancreatic tissue was especially noticed. In all these 
three cases however, severe necrotizing pneumonia was diagnosed. The 
alveoles showed hemorrhagic infiltration and accumulation of polymor-
phonuclear cells. In one case the bronchial tree exhibited no associated 
changes. In all cases septic events were present as shown from changes 
in other organs. Furthermore in the spleen the white pulp was reduced. 
Liver changes included early cholangiolitis and focusses of ballooning 
hepatocytes. In one case a bacterial glomerulonephritis with interstitial 
abscesses was present. 
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В.4.5.2. Electron microscopical observations 
The electron microscopical changes after preservation were minimal, 
as well immediately after cool storage as after revascularization. How­
ever after revascularization an interstitial oedema could be observed, 
but it was less obvious than in the first series. 
As longer survivals were reached in the second series, differences in 
intensity between ultrastructural changes of exocrine and endocrine tis­
sue were noticed. 
Fig. 63. EM.-specimen of pancreas, 17 days after transplantation. Note poly­
morphism of zymogen granules, dilated endoplasmatic reticulum, various vacuoles, 
and lymphocyte, inside acinar cell. 
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a. Pancreatic acinar cells 
Acinar cells remained quite normal in functional grafts, even several 
weeks after transplantation. However, the zymogen granules became 
polymorphous and progressively disintegrated. Vacuolization occurred 
in different acinar cells. The endoplasmatic reticulum was frequently 
dilated and often became fragmented. Intercellular spaces as well as 
ductules became widened and filled with dense granular material. In 
the ductules vacuolization could be noted too. Sometimes PMN-cells 
were found between the acinar cells. On the other hand, as a sign of 
cell mediated rejection, lymphocytes penetrated into the acini. 
b. The Langerhans' islets 
The changes in the endocrine islet cells were less pronounced and 
occurred laterthan the acinar changes. Granulae in the /S cells diminished 
in number and seemed to be less filled with insulin crystals; α cells 
on the contrary proved to remain unchanged and filled with normal 
granules. 
Fig. 64. E.M.-specimen of pancreas, 17 days after transplantation. Note granules in 
the ß-cells of endocrine tissue. 
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В 4.5 3. Histochemical observations 
Normal activity was shown in preserved grafts during several weeks 
after transplantaflon. Mitochondria and endoplasmatic reticulum were 
found to have a normal ICDH enzymatic activity in the β cells of the 
Langerhans' islets as seen in several obduction specimens. ICDH activity 
was also present in variable degree in the centroacinar cells and ductules 
of the exocrine acini. A normal ATP-ase activity in and around the 
Langerhans' islets equally pointed to normal blood supply especially 
of the endocrine parts of the gland, at a moment exocrine parts were 
already fibrotic 
С CONSIDERATIONS AFTER THE SECOND SERIES OF 
EXPERIMENTS 
C l SURGICAL TECHNIQUE 
The results of heterotopic substitutive pancreaticoduodenal allotrans­
plantations appeared to be much better in the second series of exper­
iments than in the first one Indeed, whereas in he first series (23 dogs) 
the mean survival time was only 2 days, in the second series (15 dogs), 
a mean survival time of almost 19 days was recorded 
С 1.1 Discussing the first experimental series, we have already pointed 
out that the reduction of technical failures has to be considered one 
of the most important factors contributing to improved results. Most 
of the authors who got a longer practice with experimental pancreatic 
transplantation reported the same improvement of results, especially 
as far as survival and percentage of functioning grafts are concerned 
(Idezukietal. 1969b, Largiadèr 1967a; Zimmermann et al. 1973;Cabasson 
et al. 1971, Inou et al. 1968). 
C. 1.2 Next to this diminution of technical failures, another reason for 
longer survival seemed to be the uniform use of the described technique. 
a the separated procedure with the recipient's pancreatectomy 2 to 
3 weeks before transplantation, by so doing a lower mortality is expected 
than in simultaneous operative procedures (Gnudi et al. 1970; Bergan 
et al. 1967; in considerations of the first series). In our second senes, 
dogs died neither as a result of the pancreatectomy, nor as a result 
of the transplantation procedure itself. Furthermore this method yields 
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the possibility of establishing the completeness of the pancreatectomy 
by daily glucose and lipase determinations as well as de visu at 
transplantation Lack of pancreatic regeneration in our second series 
was diagnosed on basis of a high glucose level, even with insulin therapy, 
(mostly 10 to 30 mmol/l), and a significant fall of the lipasemia, except 
in shepherds, and was confirmed macroscopically at operation orobducti-
on 
b the PD transplantation en bloc' 
in the two cases of the second series in which an isolated partial pancreatic 
transplantation was performed, the mean survival time appeared to be 
shorter 
PD grafts (13 dogs) mean 20 '/2 days 
Ρ grafts (2 dogs) mean 7 days 
This shorter survival in the Ρ gratts was due to two complications 
thrombosis and peritonitis, which were less frequent in the PD grafts 
С I 3 The only change in surgical technique in the second series, was 
the use of a Roux-Y loop for the duodenum" -small intestine" anastomo­
sis Comparing the two methods within this second series (whether or 
not Roux-Y) it appeared that 
a the survival was longer in case of direct intestinal anastomosis 
Roux-Y (9 cases) mean 15 days, end to side (3 cases) mean 43'/2 days 
This longer survival proved to be statistically significant (Wilcoxon's 
two sample test, Ρ = 0,06) 
b intestinal complications resulting in peritonitis, were seen more 
often after Roux-Y anastomosis, namely in three cases (33%) (once 
leakage at the level of the transition Roux-loop-jejunum, twice leakage 
at the level of the transition duodenum" -Roux-loop) whereas after end 
to side anastomosis ν ^out Roux-Y-loop no peritonitis occurred On 
the basis of these result', the usual end to side duodeno 0 -jejunoR stomy 
seemed to be preferab.e in contrast to observations of Zimmermann 
(1973) 
С 1 4 Striking again in the second series was the high frequency of 
arterial, as well as venous thromboses 
arterial 1 
venous 2 
combined 2 
total 5, that means 33,3% 
Nevertheless, the frequency of the thromboses was less than m the 
first senes (39,1%) and comparable to literary data (38,7%, cfr survey 
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m the first series) Furthermore there was no obvious difference between 
preserved (3 cases) and non-preserved grafts (2 cases). Zimmermann 
and Hell (1971) tried to avoid thrombosis by hepanmzation of the donor, 
but did not succeed in diminishing the thrombotic tendency (in their 
series 37,5%). Hepanmzation of the recipient, as we did 3 times in the 
first series, proved equally to be inadequate, since this always resulted 
in profuse bleeding. The cause of this thrombotic tendency is probably 
due to hemodynamic factors or to endothelial lesions. 
As already mentioned after the first series of experiments, the increase 
of the serum glucose level proved to be a reliable parameter of arterial, 
as well as venous thrombosis In these cases we observed that, after 
transplantation, the glycemia decreased, reaching normal values 6 to 
9 hours after transplantation (consequently less than the 12 hours 
established by Gnudi et al 1970), but afterwards rose rapidly and regained 
diabetic values. Hence, the profit of regular glucose determinations in 
the first 24 to 48 hours is obvious, offering the best parameter for early 
detection of vascular thrombosis As can be concluded from other bio­
chemical determinations, incase of thrombosis none of the other parame­
ters showed a changing pattern, as obvious and constant as the glycemia 
To my knowledge, no attempts have been made until now towards oper­
ative or conservative treatment of these early postoperative thromboses 
Striking m cases of graft thrombosis, was the frequency of lung embolism, 
occurring in 3 out of 5 dogs. All these cases of pulmonary embolism 
could be confirmed at obduction. One of them could be suspected clinical­
ly, but an attempt to resuscitate the dog could not prevent the fatal 
course. On the other hand, Guilleret et al. (1967) pointed out that lung 
embolism can be the result of previous recipient pancreatectomy; yet, 
in our series, this statement could not be confirmed 
С 2 PRESERVATION 
Evaluating the results of the first series of expenments, we decided 
to use uniformly a simple method of cooling in the second senes. As 
a cooling medium the solution recommended by Largiadèr (1970b) was 
used. 
To compare the dogs with and without preservation we will discuss 
successively. 
1. the survival 
2. the clinical course 
3. the biochemical changes 
4 the histological alterations. 
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For an adequate comparison, only those dogs will be considered which 
were operated according to the technique mentioned above (PD trans­
plantation with duodenoenterostomy). The two methods of duodenoente-
rostomy will be analized, i.e. the end to side duodenojejunostomy, and 
the Roux-Y duodenojejunostomy since, as mentioned above, a longer 
survival was noticed in the dogs with an end to side duodenojejunostomy. 
Finally, an additional comparison will be made with dogs of the first 
series, operated according to the same technique (PD grafts with duode­
noenterostomy) without preservation or after a two hours perfusion pre­
servation. 
C.2.1. Survival 
number of series duodeno- survival times mean 
dogs entero- in days survival lime 
stomy in days 
no preservation 
2 hours preserv. 
4 hours preserv. 
6 hours preserv 
2 
3 
6 
3 
3 
3 
1 
2 
1 
2 
2 
2 
end to -
side 
Roux- Y 
end to -
side 
Roux-Y 
Roux- Y 
end to -
side 
1/4 
1 / 2 / 2 5 
'/4/'Λ,/1/2/3/4/ 
2/21/40 
2/12/32 
31/34/66 
2,5 
9,3 
1.7 
2,1 
15,3 
43,6 
Table 7. Survival times with and without preservation in both series. 
Following conclusions can be drawn of this survey. 
a. The survival time of the dogs increased as the surgical experience 
improved and less technical failures were made. 
b. When both series are considered together, there appears no obvious 
difference in survival between the 2 techniques of duodenoenterostomy 
(end to side: mean 13 days; Roux-Y: mean 15 days). 
с The difference in survival time with and without preservation is 
evident: 
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no preservation mean 6,6 days 
2 hours preservation mean 8,1 days 
4 hours preservation mean 15,λ days 
6 hours preservation mean 43,6 days 
The survival time in the group without preservation seems quite short, 
this is probably due to the fact that preservation studies were performed 
as soon as a dog with a not preserved duodenopancreas survived 25 
days, thus proving the effectiveness of the surgical procedure Further­
more technical failures progressively diminished in the course of the 
preservation experiments That the preservation (according to the tech­
nique of the second series) has been a favourable factor for the increasing 
survival time is rather improbable A new series of experiments with 
continually changing of the duration of preservation could give a solution 
to this problem At any rate, as regards the survival of the dogs in 
the second series, the preservation for up to 7 hours, did not have any 
unfavourable influence on the graft Indeed, statistically, no correlation 
could be found between the survival times and the duration of preserva­
tion (Kendall's rank correlation test, Ρ = 0,65) This had also been 
established by Idezuki et al (1968c) who compared the results after 
transplantation of not preserved grafts, with those of grafts after cool 
storage during 2 and 6 hours These authors could not find a striking 
difference in the three groups 
d Comparing the different preservation techniques in both series, 
it appeared that the survival times of the dogs in group VIII of the 
second series (6 hours cool storage preservation) were statistically longer 
than those of the dogs in group IV of the first series (2 hours perfusion 
preservation) (Wilcoxon's two sample test, Ρ = 0,02) 
С 2 2 Clinical course 
a In dogs with, as well as without preservation, an obvious loss of 
weight was observed postoperatively, except in one dog with a preserved 
graft 
b An early postoperative fatal course also occurred in both groups 
without preservation in 2 out of 1 dogs (66%), with preservation in 2 
out of 9 dogs (22%) As already mentioned, this lower percentage of 
early post-operative death could be the result of the improved technique 
с As for the late postoperative complications within this senes, we 
did not observe striking differences between groups with and without 
preservation Indeed in both groups, rejection and administration of 
immunosuppressives proved to be the enologie agents of complications 
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С 2 3 Biochemical changes 
In the longer surviving dogs, no differences, related to preservation. 
seemed to occur in the glycemm the GTT-curves, the number of the 
leukocytes, the hematocrit values and the amylasemia As for the lipase-
mia, its rise appeared later after transplantation in proportion to the 
preservation time 
As already mentioned in the results, the lipase rise occurred respective­
ly 
- without preservation after 4 days in 1 dog 
- with 2 hours preservation after 5 days in 2 dogs 
- with 4 hours preservation after 9 days in 2 dogs 
- with 6 hours preservation after 11 days in 3 dogs 
As the immediate postoperative lipase levels showed no differences, 
a possible influence of ischemia on the exocrine pancreas at longer preser­
vation, seems rather improbable The preservation could possibly have 
an inhibitory effect on the onset of rejection, effect that would increase 
in proportion to the longer duration of preservation 
С 2 4 Histological с hanges 
Macroscopically we found only occasionally an oedematous pancreas, 
after cool storage preservation Microscopical specimens however show­
ed greater changes after revascularization of preserved pancreata than 
after revascularization of not preserved ones Particularly an interstitial 
oedema occurred, which appeared to increase after a longer period of 
cool storage This is typically shown in the next three figures of 2, 
4 and 6 hours preserved pancreata 
However, in the long term course, this variable degree of insterstitial 
oedema did not result in typical differences A same degree of fibrosis 
and atrophy occurred several weeks after transplantation Vascular 
changes and rejection patterns on the other hand, seemed not altered 
by the preservation time 
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Fig. 65, 66 and 67. Light microscopical specimens of 2, 4 and 6 hours preserved 
pancreata. Note increase of interstitial oedema. 
C.3. GENERAL COMPLICATIONS AFTER TRANSPLANTATION 
C.3.1. Weight 
A slow but obvious decrease of weight occurred after all transplanta-
tions, except one. This could be attributed to the surgical procedure 
of transplantation and especially to the temporary ischemia which the 
organ endured; this could induce fibrosis, especially of the exocrine 
parts, and lead to exocrine insufficiency. 
Also Huguet et al. (1969) observed a similar progressive weight loss 
in their allotransplanted dogs, notwithstanding exocrine supplies of pan-
creatic extract. Furthermore, Mitchell and Davidson too (1967) noticed 
a gradual weight loss in their long surviving autotransplanted dogs, 
excluding by so doing the immunological reactions. This weight loss 
could not be restrained by exocrine pancreas supply, no more than in 
the allografted dogs of Huguet et al. (1969). 
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Next to the temporary ischemia, the heterotopic implantation and the 
conbequently less physiological drainage of pancreatic juice could be, 
in their cases like in ours, the cause of impaired digestion and weight 
loss 
But also rejection can induce fibrosis of the exocrine pancreas, what 
could lead to exocrine insufficiency and cachexy This has been confirm­
ed histologically Nevertheless one of our dogs, gained nearly 5 kg 
in 34 days, although biochemically and histologically rejection was ob­
vious Largiader (1970a) also described one dog with an orthotopic allo­
graft, in which a weight gain was noticed, 8 months after transplantation 
С 3 2 Earlv postoperative hypoglycemia 
a In 1965 Bergan et al tried for the first time to find an explanation 
for the postoperative hypoglycemia They stated, on basis of experiences 
of Kaplan and Madison (1959), that on account of the venous drainage 
of the graft in the cavai vein, a higher insulin concentration is occasioned 
Indeed, insulin is partly neutralized by insulin antagonists, which are 
especially found in the liver By eliminating the portal pathway, peripher­
al venous insulin levels can be expected to be higher In 1967 these 
authors proved their theory by showing effectively a hypennsulmemia 
immediately after operation, whereas an early postoperative GTT show­
ed the same pattern as one performed after portocaval shunting Ob­
viously, the heterotopic implantation with cavai venous outflow was 
to be held responsible for this postoperative hypoglycemia However 
in the same year, 1967, Guilleret et al succeeded in realizing some 
transplantations with portal drainage, they compared postoperative glu­
cose levels with those obtained after heterotopic allotransplantations 
with cavai drainage They established that hypoglycemia also occurred 
in case of portal drainage On the other hand, other authors (for instance 
Idezuki et al 1968b, Huguet et al 1969, Meyer et al 1972) did not 
find any striking postoperative hypoglycemia after heterotopic implanta­
tions with cavai drainage 
b Idezuki et al (1968b) stated that the temporar, ¡schernii condition 
of the pancreas could be held responsible for the increased output of 
insulin after revascularization, what would explain the hypoglycemia 
Binder et al (1970) confirmed this, after an investigation in dogs, of 
which the pancreas suffered a temporary ischemia This theory would 
implicate that, by gradually prolonging the ischemic period, even hypo-
thermically, the postoperative hypoglycemia should become more ob-
vious This can, however, be denied by our experiments, as well as 
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by those of Moser et al (1967) and Iciezuki et al (1968b) (only 2 out 
of 5 dogs with a 6 hours preserved pancreas showed immediately after 
transplantation a GTT-hypoglycemia after 1 hours) 
с Traumatic pancreatic levons occurring during preservation and 
transplantation seem of greater importance to us Especially the 
manipulation of the organ during removal out of the donor and reimplanta­
tion in the recipient, must be considered as an important factor of early 
hypoglycemia as well as tardy occurrence of pancreatitis (Merkel et 
al 1972a) Likewise, lesions occurring as a result of perfusion, could 
be responsible for this 
In our series, the 3 cases of hypoglycemia, 2 of which were fatal, 
occurred after a two hours perfusion in the Travenol® apparatus ll 
seems even more obvious after 24 hours perfusions, as performed by 
Dijkhuis et al (1972) by means of a Beizer apparatus Indeed, in their 
series even 3 fatal issues were observed On the contrary no such hypo­
glycemic deaths were recorded after cool storage, neither in our second 
series, nor in that of Idezuki et al (1968b) 
d Some investigators, as for instance Ruiz et al (1972) consider the 
bad alimentation condition as an important factor for the early postoper­
ative hypoglycemia 
e Finally, the denen ation of the transplanted pancreas has also been 
considered an etiologic factor Denervation indeed can be expected to 
cause a greater blood flow, as result of hyperemia This increased pancre­
atic blood flow could induce a hypennsulinemia (Bunnag et al 1963) 
Sells et al (1972b) established that this hypennsulinemia and this hypog­
lycemic effect was in lact lasting longer than the first 24 hours, as they 
could prove in their orthotopic pig transplantations with portal drainage 
They too imputed this to the denervation of the pancreatic graft How­
ever, this theory is denied by the results of the experiments of Ruiz 
et al (1972) who did not see lasting hypennsulinemia in case of in vivo 
denervation of canine duodenopancreas whereas they indeed did find 
this hypennsulinemia in a comparative series of pancreatic alio- and 
autografts 
On the basis of our experiments we think that especially traumatic 
lesions, occurring during the transplantation, namely parenchymal 
lesions at manipulation and vascular lesions caused by perfusion, are 
responsible for early postoperative hypoglycemia On the contrary, the 
permanent postopeiative hypennsulinemia. remarkably without giving 
rise to hypoglycemia, probably has to be seen as an effect of venous 
cavai drainage of the graft 
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С 4 REJECTION 
The most important problem in all organ transplantations experimental 
as well as clinical, remains the rejection As soon as an adequate surgical 
technique has been found and longer survivals after allotransplantation 
have been obtained, one gets confronted with three essential problems 
a how can an organ rejection be diagnosed as quickly as possible11 
b what is the best way to prevent and to treat this rejection, with 
other words, which immunosuppressives should be given and in which 
dosage9 
с how can complications, due to the immunosuppressive therapy, 
be prevented or dealt with9 
Whereas a satisfactory, although not completely settled answer to 
those questions has been found for other organ transplantations, especial­
ly renal transplantation, these three questions remain unsolved so far 
as pancreatic transplantation is concerned 
С 4 1 Earlv tracing of pancreatic rejection 
С 4 1 1 Literan data 
a In 1963 Reemtsma et al established for the first time that hvper 
give ernia occurred as a sign of rejection of an allotransplanted isolated 
pancreas In 1965 Bergan et al confirmed this statement on basis of 
the results of their canine series Both teams had previously ligated 
the pancreatic ducts to prevent an impending autodigestion In 1966 
Teixeira et al added, that in isolated pancreatic grafts with ligated ducts, 
rejection took place about the 8th day and was characterized by hyper­
glycemia together with hypoinsulinemia 
b Looking for earlier rejection parameters Teixeira and Bergan 
performed, in 1967a, non-duct ligated auxiliary pancreatic transplanta­
tions and established that hyperamylasemia occurred earlier than hyper­
glycemia After a slight increase around the third postoperative day 
the amylase content rose, at rejection, up to 4 to 8 times its normal 
value, whereas the amylasemia became normal again, as rejection conti­
nued 
But was this amylase change specific for rejection7 In 1965, Bergan 
et al had already found a similar amylase increase after pancreatectomy 
This was confirmed in 1967 by Guilleret et al , who found that the amylase 
content remained continuously high after transplantation, till the moment 
that rejection had caused an exocrine insufficiency Moreovei m 1967b, 
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Teixeira and Bergan found amylase variations depending on the fact 
whether the venous anastomosis had been performed end to end or 
end to side. 
As a result of these experiences, a controversy arose concerning the 
use of the amylase level as a rejection sign. Some investigators, as for 
instance Grenier et al. (1967), Ruiz et al. (1972), Grenier et al. (1971), 
continued to consider an amylase rise as a rejection sign; others, as 
Seddon and Howard (1966a), Murai et al. (1967), Thau et al. (1970), 
Meyer et al. (1972), could not show a convincing influence of rejection 
on the amylasemia. Some others, finally, had a more shaded opinion. 
Inou et al. (1968), for instance, thought that hyperamylasemia occurred 
significantly and early postoperatively, when no immunosuppressives 
were given, but less obviously and later, when immunosuppressives 
were administered. In 1969 Largiadèr et al. attached only value to a 
hyperamylasemia as a rejection sign, when the amylase rise occurred 
after a more or less long interval of normal amylase values. Anyhow, 
it was necessary to search other possibilities to detect the onset of rejec-
tion. 
с By means of the method of pancreaticoduodenal transplantation 
with duodenocutaneostomy, already proposed by de Jode and Howard 
in 1962, these possibilities seemed to be found. Indeed, in this way 
exocrine pancreatic secretions could be collected and the slightest chan­
ges in volume and ingredients could be detected. Histological studies 
performed by de Jode and Howard (1962) seemed to confirm, that rejec­
tion, occurring after 6 to 7 days, was preceded by a decrease of the 
exocrine pancreatic secretion. The secretion, diminishing after about 
3 to 5 days, ceased completely around the 7th day. This observation 
was confirmed later on by different other authors as well for pancreatico­
duodenal grafts (de Jode and Howard 1966; Largiadèr et al. 1967a; Mar-
chai et al. 1967; Seddon and Howard 1966a; Romieu et al. 1970; Thau 
étal. 1970; Grenier et al. 1967; Himaletal. 1969) as for isolated pancreatic 
grafts (Murât et al. 1967; Murât et al. 1969). 
Yet, regarding the content of electrolytes in the collected juice, less 
unanimity is present in literature. This is shown in the following table. 
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electrolytes Nd-b K+ Cl" НСОГ 
аuthors 
Marcha] et al 1967 
Largidder et al 1967a 
Romieu et al 1970 
Grenier el al 1967 
ione 
none 
none 
none 
Seddon and Howard l966alnone 
Murât and Moore 1967 none 
none 
increase 
none 
none 
none 
none 
none 
none 
decrease 
none 
none 
decrease 
none 
decrease 
decrease 
decrease 
decrease 
none 
Table 8 Changes in electrolytes in collected juice of pancreatic graft 
Next to volume and electrolyte determinations, enzyme studies of 
the pancreatic juice were also performed These studies showed that 
the excretion of amylase and lipase decreased (Seddon and Howard 
1966a, Grenier et al 1967, Thau et al 1970), while the excretion of 
phosphatase remained the same (Murat 1967) Consequently, by 
performing a duodenocutaneostomy, an early detection of the rejection 
appeard to be possible, 24 to 48 hours before distinct histological signs 
were visible 
In the case of clinical transplantations however, the exocrine pancrea-
tic secretions are of great importance so that internal derivation by means 
of a duodeno- or pancreaticoenterostomy is preferable So, again difficult-
ies arose in order to detect rejection m latter cases 
d On basis of the data concerning the not completely reliable hyper-
amylasemia, some investigators again found hypeiglyc ernia and hypo-
insulinemia, to be better rejection signs, occurring after about 6 to 8 
days (Inou et al 1968, Merkel et al 1970, Romieu et al 1970) 
e Lipase studies were performed by Seddon and Howard in 1966a 
and Grenier et al in 1967 These authors established that a distinct 
lipase rise occurred at the onset of rejection while a fall of the lipasemia 
was seen at the end of the crisis Also Solassol et al (1971) considered 
lipase and lysosomal enzymes as parameters for the follow-up of rejec-
tion 
f Ruiz et al (1972), on the contrary, considered leukocytosis as a 
sign of rejection Ohters. for instance Marchai et al (1967) never observed 
leukocytosis during rejection crises House et al (1962) who implanted 
neonatal hamster pancreatic fragments in the cheeks of diabetic hamsters, 
established that, in case of rejection, leukocytosis occurred in 68%, 
whilst, if rejection did not occur, this happened only in 5% of the cases 
g Various authors finally, looked for more sensitive parameters of 
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endocrine rejection by performing glucose loading tests In this way, 
Ota et al (1968) as well as Huguet et al (1969) considered glucose 
and insulin determinations, during intravenous G Τ Τ 'sand tolbutamide 
tests, more sensitive than fasting glucose and insulin determinations 
After glucose loading, the msulinemia, rather than the glycemia, appeared 
to have a prediabetic to diabetic pattern in cases of rejection (Romieu 
et al 1970, Zimmermann et al 1972a) According to Grenier et al (1971), 
rejection of heterotopic pancreatic grafts could be detected in the 
G Τ Τ 's by a disappearing of the second insulin pike, which normally 
ought to occur, since the produced insulin bypasses the liver However, 
recently, a few authors, namely de Gruyl et al (1973) and Sells et al 
(1972b), contradicted above-mentioned statements and found, after glu­
cose loading, no obvious changes in glycemia and msulinemia, in periods 
before, during or after rejection crises 
h Also studies concerning the glucagon secretion of PD grafts perform­
ed by Idezuki et al 1972, could not indicate any change in immunoreactive 
glucagon, suggestive for rejection 
Out of preceding survey, it is obvious that the early detection of rejec­
tion of a graft with exocrine internal drainage is very difficult However, 
a few conclusions seem possible on basis of these literary data 
1 the exocrine pancreas is rejected sooner than the endocrine pancreas 
(Himal et al 1969, Grenier et al 1971, Lillehei et al 1970) 
2 changes in fasting glycemia and msulinemia occur in a preterminal 
and irreversible stage of rejection (Inou et al 1968, Meyer et al 1972, 
Murât et al 1967, Thau et al 1970, Romieu et al 1970, Huguet et 
al 1969) 
С 4 1 2 Personal results 
The early detection of a rejection, enabling immunosuppressive care 
to have adequate results, can, in our opinion, only be found in parameters 
which show changes in exocrine secretion This is confirmed at further 
study of our results 
С 4 1 2 1 The hpasemia seemed to us the most ideal parameter, with 
regard to the determination itself, as well as to its rejection sensitivity 
First of all, it appeared out of the postpancreatectomy diagrams that 
the blood levels of lipase were mainly the result of the pancreatic secretion 
of lipase As the lipase values after pancreatectomy dropped to significant 
low values, other origins of lipase secretion, for instance duodenal, could 
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not probably be held responsible for normal to high lipase levels after 
transplantation This is in contrast with the results of amylase determina-
tions, obtained after pancreatectomy and transplantation, as mentioned 
above 
Second, in the good functioning grafts, lipase showed a slight increase 
immediately after transplantation, suggestive of enzyme wash out or 
slight postischemic lesions This increase was not found m the amylase 
levels The glycemia too remained entirely normal during this period 
This lipase rise reached a maximum after 24 hours (110 to 350 U/l, 
mean 240 U/l) and normalized m the following 24 to 48 hours Subsequent-
ly, after a shorter or longer normalization period, rejection was announc-
ed by a new lipase increase This rise was mostly abrupt and intense, 
and amounted in 24 hours to immeasurable values, higher than 1600 
U/l (5 out of 7 cases) It occurred mostly on the 5th day (4 out of 
the 5 cases), in one case it happened later, namely on the 10th day 
Sometimes (in 2 out of 7 cases) lipase increased later (the 12th and 
18th day) and in a less intense manner (200 and 680 U/l) Yet, both 
types of blood changes of this enzyme could be explained histologically 
by a rejection crisis Probably an oedema, caused by the rejection, is 
to be held responsible for this increased enzyme production, as assumed 
by Teixeira and Bergan (1967) 
The further course following this lipase rise was variable 
Of the 5 dogs showing an important rise, two presented an abrupt 
preterminal lipase fall (F1/F4) after a rather long period (respectively 
15 and 12 days) of clinical decline, attended with signs of exocrine insuf-
ficiency (diarrhea, emaciation) and very high lipasemia 
In two other dogs, the lipasemia, after a short period of very high 
lipase level (5 days/6 days) during which the dogs were clinically in 
excellent condition, fell suddenly to normal values, to remain normal 
during a more or less long period (27 days/12 days) until death occurred 
as a result of peritonitis or lung-embolism (F 6/F 5) 
In the fifth dog, the lipase level decreased after a rather long period 
of very high hyperhpasemia (29 days), but this decrease followed a fluc-
tuating course An emaciation, beginning during the hyperhpasemia pha-
se, continued during the phase of lipase decrease, however, without 
any other sign of exocrine insufficiency such as diarrhea Finally, the 
lipase normalization appeared to correspond with the onset of the termin-
al phase (heavy clinical decline and death after 7 days) (F 13) 
In the dogs showing a slight lipase increase, the lipasemia either dropp-
ed to normal values after a few days and remained normal until death 
(F8), or else the lipasemia rose again abruptly, possibly as a result of 
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Fig 68 Lipasemm in dogs, showing slight lipase increase late 
after transplantation 
a new rejection crises (F 11). In both, diarrhea and emaciation were 
independent of the lipase fluctuations, which were present during the 
entire period after transplantation. 
C.4.1.2.2. In our series of 15 dogs, only 2 dogs appeared to show amylase 
fluctuations which were suggestive of rejection. These 2 dogs (F 11/F 15) 
showed an amylase rise at the onset of rejection, respectively on the 
19th and the 14th day. Yet, the rise, in these 2 dogs, was not striking 
and occurred 24 and 48 hours after the lipase increase. In the 2 cases, 
a normalization of the amylase level seemed to occur simultaneously 
to the fall of the lipasemia, however in a less obvious manner. 
C.4.1.2.3. The fasting glycemia stayed normal during the whole period 
of hyperlipasemia and: 
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a sharply increased (Fl) or remained normal (F4) in case of abrupt 
preterminal lipase fall 
b stayed normal (F6/F15) or showed an obvious rise suggestive for 
a venous thrombosis (F15) in case of lipase normalization 
с showed fluctuating variations in case of hectic lipase fall (F13) 
to increase afterwards during the preterminal lipase normalization 
d remained normal until death (F8) or showed a strong preterminal 
increase (Fl I) in case of slight and late lipase increase 
С 4 1 2 4 GTT -glycemiu 
The glucose levels after G Τ Τ did not always procure relevant values 
Interpretation with regard to rejection consequently was difficult As 
far as could be judged by means of the glucose curves as well as the 
К values of glucose consumption (the rates of glucose disappearance 
after glucose loading) it seemed that the glucose curves and the К values 
gradually tended to pathological values, without pathognomonic changes 
at the moment of rejection 
С 4 1 2 5 GTT - insulmemui 
The curve of the msulmemid, which was easier to interpret than the 
G T T -glycemia, gave the best feature of the endocrine graft function 
In these G T T -insulin curves, it appeared to be difficult to find a reflec­
tion of the rejection onset 
a In dogs with slight and late occurring hyperhpasemia (F8 and F l l ) 
a slowly worsening endocrine function was suggestive of chronic but 
progressive decline of the islets In dogs with a pronounced lipase rise 
(FI5), normal insulin curves were found before and during the high 
lipasemia phase, while after rejection, in the phase of normal lipase 
values, low insulin levels were present, suggestive of an exhausted endo­
crine apparatus, at obduction this corresponded with an autolyzed pan­
creas In dog F13, the pancreas was able to recover after the rejection 
crisis, possibly as a result of adequate immunosuppressive interference, 
so that after rejection no distinct change in the insulinemia occurred 
Yet, an indication for the rejection itself couldn't be shown in either 
of the cases 
b The second insulin pike after glucose loading occurring in some 
cases after 2 hours, is not characteristic for grafts with venous liver 
bypass, as it also occurred in control dogs 
С 4 1 2 6 The calcemia showed no changes during the entire 
postoperative course Hypocalcemia, suggestive of, or pertaining to pan-
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creatitis, did never occur 
С 4 1 2 7 In a few cases the total leukocyte count showed an increase 
during rejection In one dog (F6), together with the lipase rise, a 
pronounced leukocytosis preceded the rejection, while lipase normaliza­
tion concurred exactly with normalization of the leukocyte count In 
two cases (F13 and F15) a fluctuating leukocytosis went along with 
similar lipase variations and could likewise be considered as a rejection 
sign However, in these 2 cases, the correlation was not so convincing 
(in F13 occurring 6 days after the lipase increase) In 5 cases, finally, 
it was obvious that no correlation at all could be shown with the high 
lipase levels (F1/F4/F7/F8/F11) 
С 4 1 2 8 None of the changes in the differentiation of the leukocytes 
were suggestive of rejection 
С 4 1 2 9 Three days after transplantation, hematocrit values were not 
determined any more 
С 4 1 3 Conclusions concerning rejection m our experiments 
a At rejection, the exocrine function is more vulnerable than the 
endocrine function 
b With regard to rejection, the lipase blood level is the best parameter 
A lipase rise occurs immediately at the rejection onset, before other 
parameters show any change The increase itself is significant and occurs 
in all dogs in case of rejection Moreover, lipase levels reproduce correct­
ly the functional condition of the exocrine pancreas in periods before 
and after the rejection crisis 
с Variations in other parameters, which occur during rejection and 
consequently can sustain the diagnosis of rejection, are an amylase rise, 
a leukocytosis, a fasting insulin decrease and glucose increase These 
changes, however, are less striking than lipase variations, besides they 
do not occur constantly and can also be seen in other circumstances 
In this way they not only lack rejection specificity, but likewise do 
not allow to to follow the functional evolution during and after the rejec­
tion crisis 
d The insulinerma, after glucose loading, is the only one of the men­
tioned parameters which gives an adequate idea of the endocrine graft 
function and which consequently has a prognostic value, after the rejec­
tion crisis, with regard to the function and the survival of the graft 
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С 4 2 Prophylaxis and therapy of the pancreatic rejection 
С 4 2 1 Prophylaxe 
As every organ rejection is based essentially on an immunological 
reaction versus strange antigens, one of the basic principles of rejection 
prevention has been to restrict the antigenic capacity of the graft This 
induced the use of isologous grafts of an identical genotype in experiment­
al transplantations, as well as determinations of differences in histocom­
patibility between donor and recipient in experimental and clinical allo­
transplantations Furthermore, in clinical transplantations, preference 
has been given, at least with respect to rejection, to living donors belong­
ing to the same family as the recipient Although it has been contested 
during the last years, whether distinct differences in histocompatibility 
in clinical transplantations resulted in statistically significant differences 
in morbidity and mortality (Starzl et al 1970), yet, experimentally, rejec­
tion proved to increase in frequency and intensity as the number of 
antigenic incompatible loci between donor and recipient increased In 
isolated pancreatic grafts similar conclusive evidence was drawn by de 
Gruyl et al (1972 ) They compared two groups of 10 non immunosup-
pressed beagles and established mean survival times of 11 and 40 days, 
respectively in DL-A non identical, and DL-A identical dogs Also Cabas-
son et al (1971) came to the same conclusion in pancreaticoduodenal 
grafts on basis of experiments in 13 mongrel dogs treated with immuno­
suppressives The dogs were divided into three groups according to 
the results of three histocompatibility tests (the lymphocyte transfertest, 
the irradiated hamstertest and the lymphocyte toxicity test) in 4 dogs 
with "good" histocompatibility the mean survival was 62,2 days, in 
5 others with "moderate" histocompatibility 28,6 days and finally in 
the other 4 with " b a d " histocompatibility only 14,6 days 
We too tried to restrict the immunological reactions as much as possible 
by using either littermate dogs as donor and recipient, or dogs being 
compatible with regard to erythrocyte-serum-cross-reactions Although 
the groups were not completely comparable, yet it seemed that the well 
matched dogs had a longer survival This appears out of the following 
table 
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first series 
(only substitutive 
grafts) 
second scries 
Cross reaction 
+ + + (same litter) 
+ (good match) 
unknown 
+ + + (same litter) 
-f- (good match) 
± (moderate match) 
unknown 
number of dogs 
3 
2 
10 
2 
10 
1 
2 
mean surv 
2 
2 
1 
Table 9. Survival time in relation to matching. 
On basis of these results the most successful experimental transplanta-
tions in dogs seem to be those, performed with littermate dogs or dogs 
with a good matching. 
C.4.2.2. Treatment 
Rejection can be treated with immunosuppressives and/or irradiation. 
C.4.2.2.1. Literary data 
a. Azathioprine (Imuran®) 
The almost selective immunosuppressive action of azathioprine has 
made this compound, one of the most used at organ transplantation. 
In pancreatic transplantation too it is a usual immunosuppressive agent. 
At first Chaya et al. (1966) did not observe important differences in 
survival with or without the use of azathioprine. Later, however, longer 
survival times after azathioprine therapy were reported for instance by 
Sicari et al. (1967), Inou et al. (1968) and Idezuki et al. ( 1968b). However, 
difficulties still remained, concerning the dosis to be used. At first, small 
doses were used by Marchai et al. (1967), namely 0,8 mg/kg/day during 
a week, followed by 0,4 to 0,5 mg/kg/day. Other investigators, however, 
used larger doses, as for instance Largiadèr et al. (1966), namely 6 
mg/kg/day. Later, this dosage was raised even more by some authors, 
as for instance by Grenier et al. in 1971. These investigators gave their 
dogs 8 to 10 mg/kg/day. In 1972, Ballinger and Lacy examined, for 
the first time, two comparative series of rats treated respectively with 
4 and 8 mg/kg/day azathioprine. They established that, with 8 mg/kg/day 
a high mortality occurred in a pancreas-transplanted group, as well as 
in a diabetic control group (respectively 4 out of 5 and 3 out of 4 dogs). 
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On the contrary, this mortality was less (respectively 1 out of 8 and 
1 out of 4 dogs) when 4 mg/kg/day Imuran® was given In order to 
avoid this significant mortality, mostly resulting from serious infections, 
most investigators used about 5 mg/kg/day azathioprme (Idezuki et al 
1968b, Ruiz et al 1972) 
b The use, by Reemstma et al (1964) of 6-mercaptopurine did not 
induce a prolongation of the survival 
с In 1967 Merkel et al used HADLS (horse anti dog lymphocyte 
serum) at a rate of 2 cc/kg/day, during a week before and a week after 
transplantation of a pancreas, previously irradiated with 500 rad They 
obtained survivals from 6 to 55 days (mean 15 days) They saw, indeed, 
less wound infections than in a senes of animals which had been treated 
with Imuran and prednisone, but on the contrary, in the group treated 
with HADLS, they lost 4 animals (28%) as a result of serum reactions 
d Glucocorticoids have been used, by most of the authors, in combina­
tion with Imuran® or other immunosuppressives Especially because 
they can control acute rejection in almost spectacular manner, they have 
been used in pancreatic transplantation especially in the periods of rejec­
tion Idezuki et al (1968) made use of methylpredmsolone as soon as 
the glycemia obviously increased Also Grenier et al (1971) gave methyl­
predmsolone, but in a maintenance dosage of 1 to 2 mg/kg/day Ruiz 
el al (1972), used prednisone at a rate of 3 mg/kg/day during 14 days, 
after which the dosis was reduced to 0,5 mg/kg/day 
Yet, the glucocorticoids have various subsidiary actions, which can, 
at least theoretically, be detrimental to pancreatic grafts On the one 
hand, the gluconeogenetic action of these corticoid preparations will 
cause an artificially increased fasting glycemia (Lillehei et al 1970) 
On the other hand, the glucose tolerance can decrease, inducing a steroid 
diabetes (Teixeira's clinical patient') Moreover, complications with 
regard to gastroduodenal ulcers are known, immunological reactions 
in the transplanted duodenum can easily induce perforations (some of 
Lillehei's patients) Furthermore, the fact that corticosteroids increase 
the danger of thrombosis and that they restrain natural defense reactions 
in case of viral disease, can lead to catasrophic results 
Finally, it has been established that patients, treated with corticoids, 
display a greater frequency of acute pancreatitis, what was still more 
obvious in patients with renal transplantations Notwithstanding all those 
unfavourable subsidiary actions, the use of corticostenods, at a mainte­
nance dosage, and especially as acute rejection therapy, is attended 
with significantly longer survivals of pancreatic grafts Some authors, 
using Imuran® and prednisone, obtained graft survivals of several 
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months (Aquino et al 1972 9 months, Largiader et al 1970a 8 months) 
e Irradiation of the graft combined with Imuran® therapy, involves. 
according to Reemtsma et al in 1968, an obvious prolongation of the 
survival 
f 100 ^g of «c tinomvcin С was occasionally given by Largiader (1966) 
in the period of rejection, in order to reduce the RNA- synthesis of 
the immunoblasts 
g In 1970-1971, Cabasson et al applied, for the first time in pancreatic 
transplantation, phytohemagglutmm at a rate of 0,5 mg/kg/day Ι Μ , 
combined with Imuran 5 mg/kg/day, they hereby obtained longer sur­
vivals (mean 35 days) than when they used a combination of Imuran®, 
corticosteroids and ALS (mean 28 days) 
С 4 2 2.2 Personal experiences 
A prospective comparative investigation concerning immunosuppres­
sive therapy was not performed in our experiments During each exper­
iment, the immunosuppressive therapy was adapted to the clinical condi­
tion after transplantation, the presence of rejection, leukopenia, etc 
As the lipasemia seemed to be the best parameter with regard to rejection, 
the immunosuppressive therapy grossly was adapted to lipase values, 
as can be seen in the following charts of the longest surviving dogs 
U/l 
>1600 
1600 
lipasemia 
1200-
400 
Prednison 
mg 
100 
50 
mg 
100 
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 
days after transplantation 
Fig 69 
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Fi'i. 69 and 70. Immunosuppressive treatment in relation to lipasemia after trans­
plantation. 
Retrospectively, some conclusions can be drawn: 
a. an isolated Imuran® therapy of 100 mg/day (averaging 5 mg/kg/day) 
starting on the day of transplantation, could not prevent rejection. 
b. a combined maintenance therapy of Imuran® and prednisone, each 
100 mg/day, from the day of transplantation, did not prevent rejection; 
moreover, it weakened so much the general immunological resistance 
that e.g. pneumonia proved to be inevitable (F8, F l l , F13). 
с a maintenance therapy with Imuran® 100 mg daily, starting on the 
day of transplantation, combined with acute rejection therapy consisting 
of prednisone 100 mg/day as soon as hyperlipasemia occurred, seemed 
to inhibit the rejection (F6 and F7). As soon as the lipase level was 
normalized, prednisone therapy had to be reduced progressively (F13). 
The dosis of azathioprine too could eventually be diminished, in the 
long term. 
C.4.3. Complications as a result of rejection and immunosuppressive 
therapy 
C.4.3.1. Pneumonia appeared to be the most frequent complication in 
our series. 
Although all dogs were vaccinated against dog's viral pneumonia disease, 
yet we suppose, according to clinical features (conjunctivitis, rhinitis, 
cough, general illness) that several dogs catched a viral pneumonia. 
That this pneumonia was related to the immunosuppression, was to 
deduce from following factors: 
a. we observed pneumonia, only in those dogs which were under 
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high doses of Imuran® and prednisone. 
b. prednisone can highly diminish the immunological resistance against 
viral diseases. 
с the pneunonia mostly appeared in a period of obvious leukopenia 
(for instance F.13). 
Sometimes a bacterial superinfection of this pneumonia occurred; tem­
porary recovery was obtained with antibiotics (F13). Mostly, however, 
the pneumonia had a fatal issue (F8, Fl l ) . Also Himal et al. (1969) 
in their series of dogs under immunosuppression, observed a high mortal­
ity rate, resulting from pneumonia (9 out of 16 dogs). 
C.4.3.2. Duodenal perforation as a result of rejection or immunosuppres­
sion was not observed in our material. This complication is mentioned 
especially in clinical heterotopic transplantations (Lillehei et al. 1970), 
while in the experimental series duodenal perforations are seen especially 
after orthotopic transplantations (Largiadèr et al. 1966). 
С.4.3.3. Exocrine insufficiency, occurring after a rejection and resulting 
in serious diarrhea and emaciation, can require exogenous supply of 
pancreatic granulate. This was purposely omitted in our series in order 
not to deprive the biochemical parameters of their value. 
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CHAFER VI 
CONCLUSIONS 
The study of literary data, mentioned in the historical review and 
in the discussion, makes it clear that the various problems of patients 
with diabetes mellitus, e.g. insulin substitution, vascular retinopathy, 
progressive renal insufficiency and peripheral vascular disease, will not 
be solved in short term. The essential question whether pancreatic trans-
plantation can prevent or cure the vascular disorders, characteristic of 
diabetes, remains open. A definite answer to this question can only 
be given if long term survivals are obtained in experimental and clinical 
transplantations. 
Two aspects of transplantation, which could lead to longer survival 
times and have clinical implications, have been investigated in our exper-
iments: 
1. the early recognition of a rejection crisis, enabling early and adequate 
immunosuppressive treatment. 
2. the preservation of the pancreatic graft, necessary in clinical transplant-
ation to tide over the time required for histocompatibility testing, trans-
port to adequate centres, etc. 
It is true, that the number of experimental transplantations performed 
in our series, remains limited, involving only few definite conclusions 
with statistic value. As various dogs, however, survived for a longer 
period, particularly in the second series of experiments, we got the pos-
sibility to study different aspects of canine pancreatic transplantation, 
from which we drew following conclusions. 
A. PANCREATICODUODENAL TRANSPLANTATION seemed to yield MORE 
ADVANTAGES than isolated total or partial pancreatic transplantation. 
1. The exocrine gland function was preserved. 
a. Exocrine insufficiency, leading to dysfagia, diarrhea and cachexy 
was prevented. 
b. The effects of transplantation and rejection, not only on the endocrine 
islets, but also on the exocrine acini could be studied. Indeed, biochemical 
parameters of the exocrine secretion procured the possibility of a clearer 
picture of the rejection onset. 
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с. Any interference with the endocrine gland function, as it has been 
seen after pancreatic duct ligation or irradiation, was averted. 
2. The duodenum was used as a conduit for exocrine secretions. 
a. Leakage troubles were less probable, than in the case of a Wirsungo-
enterostomy (Meyer et al. 1972) or a Wirsungo-ureterostomy (Gliedman 
et al. 1972); in our series leakage of the duodenojejunostomy was noticed 
five times (21%). 
b. With regard to rejection, the duodenum proved to be more tolerant, 
than the pancreas: necrosis or perforation of the transplanted duodenum 
was not observed in our series; it is possible that isolation of the duodenal 
loop with an end to side or Roux-Y anastomosis could be preferable 
to interposition of the grafted duodenum, as performed in orthotopic 
transplantations (Largiadèr et al. 1966) 
c. The fact of keeping the duodenum as an isoperistaltic conduit for 
pancreatic secretions, prevented reflux of intestinal content in the pan-
creatic graft, what can happen more frequently with pancreato- or 
Wirsungo-enterostomy; in our material reflux-pancreatitis has not been 
observed. 
d. The addition of a Roux-Y-loop to the duodenoenterostomy, as advis-
ed by Zimmermann et al. (1971b), has not been as useful as we expected. 
Indeed, in our series, it involved a greater frequency of leakage, namely 
in three of nine dogs, whereas end to side duodenoenterostomy performed 
in 14 dogs, resulted in leakage, only in two of these dogs. The impression 
of several authors (Buchin and Van Geertruyden 1960, Herzog 1973) 
that an intestinal anastomosis in one layer involves less complications 
than in a two layer anastomosis, has been confirmed in our transplantation 
series. None of our one layer intestinal anastomoses was complicated 
by stricture. 
3. With this type of pancreaticoduodenal transplantation we obtained 
survival times which equal those mentioned in literature. 
This is demonstrated in following survey. 
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1. Canine transplantations 
a. PD grafts 
Largiadèr and Wegmann 1971 
Cabasson et al 1970 
Idezuki et al. 1969b 
Cabasson et al. 1971 
Idezuki et al. 1968b 
Seddon and Howard 1966a 
Inou et al. 1968 
Ruiz et al. 1972 
Romieu et al 1970 
10 Largiadèr and Wegmann 1971 
11. Grenier et al. 1971 
12 Himal et al. 1969 
13 Choudhury et al. 1968 
14. Idezuki et al 1968c 
15 Grenier et al. 1967 
15 Chaya et al. 1966 
17. Guilleret et al. 1967 
b. Ρ grafts 
1. Aquino et al. 1972 
2 Huguet et al. 1969 
3 Dijkhuis et al. 1972 
245 days 
180 days 
169 days (22 hour preserved graft 
120 days 
98 days (no immunosuppressives) 
75 days (no immunosuppressives) 
63 days 
63 days 
58 days 
57 days 
43 days 
41 days 
35 days 
23 days 
19 days 
17 '"ays 
24 days (24 hour preserved graft) 
270 days 
42 days 
24 days (24 hour preserved graft 
with half an hour warm ischemia) 
2. Pig PD transplantations 
1. Zimmermann e: al 1972b 371 days 
2. Zimmermann et al 1972b 78 days 
3 Zin i,ii.rmann et al. 1972b 50 days 
4. Zimmermann et al. 1972b 18 days 
3. Mouse islet cell transplantations 
Gates et al. 1972 more than 70 days 
4. Guiñease pig islet cell transplantations 
Ferguson et al. 1972 77 days 
5. Rat islet cell transplantations 
Ballinger and Lacy 1972 more than 120 days 
Table 10. Some long-term survivals, obtained after substitutive pancreatic allotransplanta-
tions. 
We think that more long term survivals will be obtained in pancreatic 
transplantation: 
1. by achieving ample surgical experience, thus reducing the frequency 
of technical failures. 
2. by intensifying proper postoperative care (Bucheri 1968). 
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3. by striving for optimal matching of donor and recipient (de Gruyl 
et al. 1972a). 
4. by applying an adequate immunosuppressive therapy, adjusted to 
biochemically demonstrated rejection events. 
B . COOL STORAGE PRESERVATION OF PANCREATICODUODENAL GRAFTS 
FOR PERIODS UP TO SIX HOURS PROVED TO HAVE NO DETRIMENTAL 
EFFECTS ON THE GRAFTS. 
We used a 40C. balanced electrolyte-glucose-dextran solution, as in-
dicated by Largiadèr (1970b), for flushing, as well as for storage of the 
graft. Results were recorded, which equal those obtained after transplant-
ation of non-preserved grafts. 
1. Macroscopical changes with regard to colour or consistency of 
the graft, pancreatic secretion and duodenal contractility, were absent. 
2. Microscopically no significant changes were noticed after cool 
storage. 
3. Graft function, survival time and rejection pattern were nearly the 
same in preserved and not preserved groups. 
In comparison with literary data, mentioned in previous table, good 
results were recorded after preservation (Van Нее et al. 1973). 
On the other hand perfusion preservations in a Travenol®-apparatus 
during two hours, making use of an electrolyte-dextran-solution as a 
perfusate, yielded by far poorer results. 
Indeed, in some of these cases, following alterations occurred as a 
result of perfusion, namely: 
1. macroscopically: pancreatic oedema, dark discoloration of the pan­
creas and bloody pancreatic secretion, after revascularization. 
2. microscopically: interstitial oedema of the pancreas. 
3. functionally: on the one hand, relative hyperfunction of the pancreas 
after revascularization, resulting in obvious, sometimes fatal hypoglyce­
mia; on the other hand, distinctly shorter survival times than in the 
comparable non preserved group of the second series. 
Furthermore we could establish that these harmful alterations occurred 
when the arterial systolic perfusion pressure was greater than 80 mm. 
Hg. 
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С REJECTION OF PANCREATICODUODENAL GRAFTS 
1 Rejection occurred after about five days 
2 The lipase mia is considered to be the most sensitive parameter indicat­
ing rejection of pancreaticoduodenal grafts with internal drainage of 
pancreatic juice 
Indeed, in case of rejection, a constant and obvious lipase rise occurred 
almost immediately, 24 to 48 hours prior to significant changes of other 
parameters We established that the white blood cell count, the amylase-
mia and the GTT-insulinemia occasionally proved to be relevant enough 
to support the early diagnosis of rejection 
3 In long term surviving dogs, the best parameters for assaying the 
exocrine and endocrine function of the transplanted pancreas, proved 
to be the lipasemia and the GTT-insulinemia 
4 Exocrine insufficiency, as a result of a serious rejection crisis, seemed 
to be one of the most important death causes in long term survnors 
The endocrine function m these dogs is maintained till in a terminal 
stage These findings correlate with the view of Lillehei et al (1970), 
that the pancreatic islets are more tolerant to rejection than exocrine 
acini 
5 Rejection crises still seem to occur notwithstanding the postoperative 
administration of high doses of azathioprme and prednisone This treat­
ment however, leads to a greater risk and frequency of pneumonia 
Only caieful looking for a rejection onset by means of determinations 
of lipase and other parameters, can guide an adequate policy with regard 
to the immunosuppressive therapy, so as to ensure a still larger percentage 
of long term survivors 
These various conclusions allow us to state that, within a small country 
like Belgium or Holland, where transplantation centres can be reached 
easily within six hours, pancreaticoduodenal transplantations can be per­
formed in a number of patients Indeed, those diabetic patients who 
suffer from renal insufficiency, obvious neuro- or retinopathy and/or 
serious peripheral vascular disease, are not given much hope for a further 
"human" existence 
That, for those patients, we should consider pancreaticoduodenal trans-
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plantation as a method of treatment, is based amongst others: 
1. on the favourable experimental results after pancreaticoduodenal 
transplantation, obtained in the last ten years by various teams all over 
the world. 
2. on the favourable results gained after implantation of preserved 
pancreatic grafts after a short-term warm ischemic period (Dijkhuis et 
al. 1972). 
3. on the various clinical results, obtained especially by Lillehei's 
team in Minneapolis (Lillehei et al. 1971). 
4. on the fiery hope of thousands of young diabetics to see their indis-
pensable insulin injection therapy come to an end, therapy which cannot 
even guard them against the most serious vascular complications. 
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CHAPTER VII 
APPENDIX 
Besides the two series of experiments, described above, another illus-
trating experiment will now be presented in extenso. 
An 18 kg. female labrador dog has been operated on the 1st of Novem-
ber 1972 after 2 days of pretreatment, according to above mentioned 
scheme. A Markowitz pancreatectomy has been performed. 
Postoperatively the dog quickly recuperated, although becoming clearly 
diabetic. She has been treated with the mentioned medication. On the 
16th of November 1972, a pancreaticoduodenal transplantation has been 
performed. Donor and recipient belonged to the same litter. Various 
photographs show the steps of the operative procedure. 
Fig. 71, 72, 73 and 74. Technique of pancreaticoduodenal transplantation, showing 
respectively the flushing of the donor organ, the end to side portoD-cavalR anasto-
mosis, the end to end iliacoD-coeliacR anastomosis and the end to side duodeno-
enterostomy. 
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Fig. 72 Fig. 73 
Fig.'74 
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Cool storage preservation lasted half an hour. 
After transplantation intravenous fluids and antibiotics have been sup-
plied, while 50 mg of prednisolone was given daily. 
A rising lipasemia indicated the rejection onset. This was confirmed 
by histological and electron microscopical examination of a biopsy taken 
at laparotomy on the twentieth day. The rejection has been treated with 
100 mg. of prednisolone and 50 mg. of azathioprine daily. After a few 
days the rejection crisis seemed to be suppressed as evidenced by the 
normalization of the lipase-, amylase-, glucose-, and GTT-insulin-values. 
The immunosuppressive doses were quickly reduced to a maintenance 
therapy of 25 mg. of both azathioprine and prednisone. Since the 28th 
Fig. 75. Selective arteriography of the Fig. 76. Scintigraphy of the pancreatico-
pancreaticoduodenal transplant with duodenal graft, localized in the right 
visible A. coeliaca, A. pancreaticoduode- iliac fossa. 
nalis superior and A. lienalis. 
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day after transplantation until now, this therapy remains unchanged 
The dog gets no other medication and keeps an excellent general condi­
tion. Appetite and stools are normal. An obvious weight gam of 8 kg. 
occurred in the first three months after transplantation. Since then, her 
weight gets stabilized at about 25 kg. 
On the 96th day, a selective Seldinger-arteriography has been perform­
ed. A normal arterial supply of the graft is to be seen on the X-rays. 
A scintigraphy of the transplant, with radioactive Selenomethionine 
was performed on the 125th day after transplantation The heterotopic 
graft seems normal in size and excretion capacity 
Now, more than nine months after transplantation, our labrador fully 
behaves as a normal dog. 
The various biochemical determinations are illustrated in a surveying 
chart 
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Fig 77. Survey of weight and biochemical values in dog F16 during the first 200 
days after transplantation 
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CHAPTER VIH 
SUMMARY 
In 1922 the experiments of Banting et al. had proved that diabetes 
mellitus could be treated with an active element of pancreatic extract 
which they called insulin. The substitutional insulin therapy has since 
been used, for several decades, as the main treatment of endocrine pan-
creatic insufficiency. A clearer insight into this complex disease however, 
has led to other therapeutic methods such as diet, oral antidiabetics, 
purified insulin preparations as well as surgical procedures. Of the latter 
particularly pancreatic transplantation has been performed more and 
more, clinically as well as experimentally. 
Transplantation of the pancreas could not only help patients, who have 
undergone an extensive pancreatic resection, for instance on account 
of chronic pancreatitis or curable carcinoma; it could also be of great 
relief for patients suffering from juvenile diabetes mellitus, complicated 
by terminal kidney insufficiency, retinopathy, neuropathy and/or peri-
pheral vascular disease. Yet, different problems are still to be solved 
before clinical transplantation can be systematically practised. 
In the introduction we refer to two problems on which this publication 
is based and which are of essential importance for pancreas transplanta-
tions. The first problem is the preservation of the pancreatic graft; 
preservation is indispensable in order to overlap the varying period be-
tween the removal of the donor organ and its implantation in the recipient, 
as well as to overlap the distance between the places where the donor 
and the best matched recipient are to be found. The second problem 
is the study of different rejection parameters in order to detect and 
treat as soon as possible rejection crises. 
The second chapter gives a historic survey of the different sorts of 
experimental and clinical pancreas transplantations performed until now. 
Experimental transplantations were divided according to the fact whether 
vascular anastomoses were performed or not, as well as whether an 
isolated pancreas or a duodenopancreas had been used. The clinical 
transplantations performed up to now are presented in a surveying table. 
The third chapter gives a historic review of the preservation methods 
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used until now to preserve the pancreas during shoiter or longei periods 
before transplantation 
Thejoiirtli с luipter deals with oui first series of experiments performed 
with a double purpose to elaborate an adequate surgical technique for 
the transplantation of a pancreas in a dog, and to test the preservation 
method based on a 2 hours hypothermic perfusion ot the graft in a 
TravenoP pertusion apparatus, using an electrolyte-dextran solution 
In the first series of experiments we performed 21 allotransplantations, 
auxiliary or substitutive, using a preserved or an unpreserved pancreas 
The results of these transplantations are reported on the basis of survival 
clinical experiences, biochemical determinations and histological, elec­
tron microscopical and histochemical observations We present the 
different leasons why a substitutive heterotopic pancreaticoduodenal 
transplantation with duodenojejunostomy was chosen as the final surgical 
technique We mention the disadvantages of the perfusion method which 
led to the use of a simpler technique of cool storage in our 2nd series 
of experiments 
The fìjtli ι hapte) treats of our second series of experiments In this 
series we performed 15 allotransplantations according to the mentioned 
surgical technique We divided the second series into 4 groups according 
to the fact whether the pancreas has not been pieserved, or has been 
preserved hypolhermically for 2, 4 or 6 hours Largiader's solution was 
used as flushing and immersion fluid Again the results of this 2nd series 
are studied accotding to survival clinical course and regular biochemical 
determinations as well as histological electron microscopical and some 
histochemical observations of the grafts The results lead to the following 
conclusions 
1 Survivals up to 66 days were obtained 
2 Almost all grafts appear to be subjected to rejection, mostly around 
the 5th to 7th day sometimes later in case of preserved grafts 
3 An immediate postoperative immunosuppressive therapy even in 
a high dosage is not able to prevent a rejection crisis 
4 Examining the different biochemical determinations namely lipase 
mia, amylasemia, leukocyte count and differentiation, calcemia, glycemia 
and intravenous glucose tolerance tests with simultaneous determination 
of glycemia and msulinemia, we consider that only the lipasemia shows 
constant and distinct changes at the onset of rejection Variations of 
amylasemia, total leukocyte count, glycemia and msulinemia are less 
constant, less relevant and occur later 
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5 I he best biochemical parameters of the exocrine and endocrine 
tunUion of the gralt appeal to be lespeclively the lipasemia and the 
GTT insnlmemia 
6 A good matching between donor and recipient influences favourably 
the recipient s survival 
7 Vasculai complications, especially thromboses lepresent nearly 
a third of the death causes, longer surviving dogs died mostly as a result 
of rejection and immunosuppressive therapy 
8 Histologically, in all cases, with or without presei vation, progressive 
atrophy and fibrosis of the pancreas occur, leading clinically toan exocri­
ne pancreatic insufficiency 
9 Above mentioned atrophy and fibrosis seem to occur already befoie 
the rejection crisis and are caused by an interstitial oedema, appearing 
soon after revascularization, however, these changes seem to augment 
significantly in case of cell mediated rejection 
10 The endocrine Langerhans' islets appear to resist rejection better 
than the exocrine acmi, as could be shown in the glucose and GTT 
determinations, as well as in the histological and electron microscopical 
specimens 
11 It seems that the rejection crisis can be controlled by an adequate 
dose of azathioprme and prednisone 
12 Neithei the cool storage preservation itself, nor its duration, up 
lo 6 hours, seem to influence distinctly the survival time, the function 
or the rejection, of the graft 
The sixth с haptei gives a detailed survey of these different conclusions 
The se\enth chaptei gives a case report of a dog, living in excellent 
condition 9 months after pancreaticoduodenal allotransplantation 
14 
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SAMENVATTING 
De experimenten van Banting e.a., in 1922, hadden aangetoond dat diabe-
tes mellitus kon behandeld worden met een in pancreasextract aanwezig 
actiefbestanddeel dat ze insuline noemden. Sindsdien werd de substitu-
tieve insulinetherapie jarenlang als enige behandelingsvorm van endo-
kriene pancreasinsufficiëntie aangewend. 
Nieuwere inzichten in dit complexe ziektebeeld hebben geleid tot ande-
re therapeutische benaderingen, waarbij naast dieet, orale antidiabetica 
en gezuiverde insulinepreparaten, ook chirurgisch ingrijpen een plaats 
heeft ingenomen. Vooral pancreastransplantaties werden in de laatste 
jaren meer en meer uitgevoerd, niet alleen experimenteel, doch ook 
klinisch. Zowel patiënten die een uitgebreide pancreasresektie hebben 
ondergaan o.a. wegens een chronische pancreatitis of een curabel pan-
creascarcinoom, als patiënten die lijden aan juveniele diabetes mellitus 
gecompliceerd doornierinsufficiëntie, retinopathie of perifeer vaatlijden, 
kunnen baat hebben bij een pancreastransplantaat. Om echter de klini-
sche pancreastransplantaties systematisch te kunnen toepassen, moeten 
nog verschillende problemen worden opgelost. 
In de inleiding belichten we twee problemen die van essentieel belang 
zijn voor de pancreastransplantatie; ze liggen aan de basis van dit proef-
schrift. Enerzijds is dit de preservatie van een dergelijk transplantaat, 
noodzakelijk om een wisselende tijdsperiode te overbruggen tussen uitne-
men van het donororgaan en implanteren in de recipiënt, alsmede om 
een wisselende afstand te overbruggen tussen de plaatsen waar de donor 
en de best gematchte recipiënt zich bevinden. Anderzijds is dit de studie 
van verschillende rejectieparameters, ten einde zo snel mogelijk een 
rejectiecrisis op te sporen en te kunnen behandelen. 
Het tweede hoofdstuk geeft een historisch overzicht van de diverse 
experimentele en klinische pancreastransplantaties die tot nu toe werden 
verricht. De experimentele transplantaties worden ingedeeld naar gelang 
vasculaire anastomoses al dan niet werden aangelegd, alsmede naar ge-
lang een geïsoleerd pancreas of een duodenopancreas als transplantaat 
werd gebruikt. De tot nu toe verrichte klinische transplantaties worden 
in een overzichtstabel weergegeven. 
Het derde hoofdstuk geeft een historisch overzicht van de preservatie-
methodes die tot nu toe werden gebruikt om een pancreas vóór trans-
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plantatie, gedurende een kortere of langere tijd te bewaren. 
Het vierde hoofdstuk is gewijd aan onze eerste experimenten die een 
tweeledig doel hadden: ten eerste, het uitwerken van een adequate chirur-
gische techniek van pancreastransplanlatie bij de hond; ten tweede, het 
testen van een preservatiemethode, gebaseerd op een hypotherme 2 uurs-
perfusie van het transplantaat in een Travenol® perfusie-apparaat, ge-
bruikmakend van een electrolyt-dextran oplossing. In deze eerste serie 
experimenten werden 23 allotransplantaties verricht, hetzij auxiliair het-
zij substitutief, gebruikmakend van een al dan niet gepreserveerd pancre-
as. De resultaten van deze transplantaties worden beschreven aan de 
hand van overleving, klinische bevindingen, biochemische bepalingen 
en histologische, electronenmicroscopische en histochemische onderzoe-
kingen. We bespreken de diverse argumenten die een substitutieve hete-
rotope pancreaticoduodenale transplantatie met duodenojejunostomie 
deden prevaleren als definitieve chirurgische techniek. De nadelen ver-
bonden aan de beschreven perfusiemethode worden aangehaald: ze leid-
den tot het gebruik van een eenvoudiger preservatiemethode in de tweede 
serie experimenten. 
Het vijfde hoofdstuk is gewijd aan de tweede serie expei imenten. Hierin 
werden 15 allotransplantaties verricht, uitgevoerd volgens de vermelde 
chirurgische techniek. Deze tweede serie werd ingedeeld in 4 groepen 
al naar gelang het pancreas niet werd gepreserveerd of gedurende 2, 
4 of 6 uur in de koelkast werd bewaard. Als flushing- en als onderdompe-
lingsvloeistof werd de Largiadèr-oplossing gebruikt (Largiadèr 1970b). 
Opnieuw werden de resultaten van deze tweede serie bestudeerd aan 
de hand van de overleving en klinische evolutie der getransplanteerde 
honden, van de geregeld verrichte biochemische bepalingen en van de 
histologische, electronenmicroscopische en histochemische bevindin-
gen. 
Volgende conclusies kunnen worden getrokken: 
1. overlevingen gaande tot 66 dagen worden bereikt. 
2. in vrijwel alle transplantaten blijkt rejectie op te treden, meestal 
omstreeks de 5de - 7de dag, soms later in geval van gepreserveerde 
transplantaten. 
3. een meteen postoperatief ingestelde immunosuppressieve therapie, 
zelfs in hoge dosering kan een rejectiecrisis niet voorkomen. 
4. van de diverse biochemische bepalingen, nl. de lipasemie, de amyla-
semie, het leukocytenaantal, de leukocytendifferenlialie, de calcémie, 
de glycémie en de intraveneuze glucose tolerantie tests met gelijktijdige 
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bepaling van glycémie en msulmemie, blijkt de eerstgenoemde lipasemie 
de meest constante en uitgesproken afwijkingen op te leveren in geval 
van beginnende rejectie Wijzigingen van amylasemie, leukocytenaantal, 
glycémie en msulmemie zijn minderconstant en minder relevant en treden 
later op 
5 de beste biochemische parameters van de exokriene en endoknene 
functie van het transplantaat blijken respectievelijk de lipasemie en de 
GTT- msulmemie te zíjn 
6 een goede matching tussen donor en recipient lijkt de overleving 
van de recipient gunstig te beïnvloeden 
7 vasculaire complicaties, vnl thromboses blijken circa 'Λ der doods­
oorzaken te vertegenwoordigen, terwijl langer overlevende honden vnl 
ten gronde gingen als gevolg van rejectie en immunosuppressie 
8 histologisch blijkt in alle gevallen, met of zonder preservatie, een 
progressieve atrofie en fibrose in het pancreas op te treden, die klinisch 
tot een exokriene pancreasinsufficientie aanleiding kan geven 
9 laatstgenoemde atrofie en fibrose blijken reeds vóór de rejectiecnsis 
op te treden als gevolg van een snel na revasculansatie optredend intersti-
tieel oedeem, doch blijken door de rejectie aanzienlijk bevorderd te wor-
den 
10 de endoknene eilandjes van Langerhans blijken ten aanzien van 
de rejectie, resistenter dan de exokriene acini, zoals bleek zowel uit 
de glucose- en GTT-bepalmgen als uit de histologische en electronenmi-
croscopische preparaten 
11 in geval van adekwaat gedoseerde immunosuppressie met azathiop-
rme en prednisolone blijkt de rejectiecnsis beheerst te kunnen worden 
12 noch de "cool storage" preservatie zelf, noch de tijdsduur ervan, 
gaande tot 6 uur, schijnt de overleving, de transplantaatfunctie of de 
rejectie duidelijk te beïnvloeden 
Het zesde hoofdstuk geeft voornoemde conclusies in detail weer 
Het ze\ende hoofdstuk is gewijd aan de gedetailleerde beschrijving van 
een op deze wijze verrichte allotransplantatie van een pancreas in een 
hond. die, op het huidig ogenblik, meer dan 9 maand na transplantatie, 
in uitstekende conditie verkeert 
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RÉSUMÉ 
Les expériences de Banting et coll. en 1922 avaient démontré que 
l'on pouvait traiter le diabète gras par l'insuline, élément actif, présent 
dans l'extrait du pancréas. Depuis lors, l'insulinothérapie avait été, du-
rant de longues années, l'unique façon de traiter l'insuffisance endocrine 
du pancréas. Cependant, plus récemment, des recherches dans le domai-
ne complexe de cette maladie ont conduit à d'autres formes de traitement, 
telles que régime, antidiabétiques par voie orale, préparations purifiées 
d'insuline et interventions chirurgicales. C'est essentiellement la trans-
plantation du pancréas qui, surtout les dernières années, a pris une exten-
sion importante, tant en clinique que sur le plan expérimental. La trans-
plantation du pancréas peut apporter une solution d'une part pour des 
patients ayant subi une résection pancréatique à cause d'une pancreatite 
chronique ou d'un carcinome curable; elle peut d'autre part soulager 
efficacement des malades souffrant de diabète gras juvénile, associé 
à une insuffisance rénale, une rétinopathie, une neuropathie ou des lé-
sions vasculaires périphériques. Cependant, avant de pouvoir appliquer 
systématiquement des transplantations pancréatiques en clinique, diffé-
rents problèmes doivent encore être résolus. 
Deux problèmes essentiels dans le domaine de la transplantation du 
pancréas forment la base même de cette thèse: ils sont exposés dans 
l'introduction. Il s'agit d'une part de la préservation de la greffe; ceci 
durant la période entre le prélèvement de l'organe du donneur et l'implan-
tation du pancréas chez le receveur; préservation également durant le 
trajet entre les endroits où se trouvent le donneur et le receveur. Il 
s'agit d'autre part de l'étude des différents paramétres de rejet, afin 
de dépister et de traiter, aussi vite que possible, une crise de rejet. 
Le second chapitre donne un aperçu historique des diverses formes 
de transplantations expérimentales et cliniques du pancréas, exécutées 
jusqu'à présent. Les transplantations expérimentales ont été réalisées 
d'une part avec ou sans anastomoses vasculaires, d'autre part avec un 
pancréas isolé, ou un duodéno-pancréas. Notre répartition s'est faite 
d'après ces différentes techniques.Un tableau synoptique donne un aper-
çu des transplantations cliniques exécutées jusqu'à ce jour. 
Le troisième chapitre donne un aperçu historique des méthodes de 
préservation, employées jusqu'à maintenant afin de préserver le pancréas 
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pendant une periode plus ou moms longue 
Dans le quatrième ihapitre nous exposons la premiere serie de nos 
experiences ayant un double but d'une part trouver une technique chirur-
gicale adequate pour transplantei le pancreas chez le chien, d'autre part 
experimenter une methode de conservation basée sur une perfusion hypo-
thermique de la greffe pendant 2 heures a l'aide d'un appareil de perfusion 
Travenol® et utilisant une solution d'electrolyte-dextran Dans cette pre-
miere sene d'expériences, nous avons execute 23 allotransplantations, 
soit auxiliaires, soit substitutives, faisant usage d'un pancreas preserve 
ou non Les résultats de ces transplantations ont ete deci its d'après 
les délais de survie et d'après les résultais cliniques les determinations 
biochimiques et les examens histologiques, électroniques et histochimi-
ques Nous exposons les différents arguments qui ont preside au choix 
de noti e technique substitutive du duodeno-pancreas avec duodenojeju-
nostomie Nous commentons les désavantages de la methode de per 
fusion, desavantages qui nous ont amene dans notre seconde sene d expe-
riences a nous servir d'une methode simple d'hypothermie 
Le cinquième chapitre est voue a notre seconde sene d'expériences, 
dans laquelle nous avons opere 15 allotransplantations en utilisant la 
technique mentionnée Cette seconde sene a ete subdivisée en 4 groupes 
d'après la durée de preservation du pancreas un groupe avec pancreas 
non preserve, 3 groupes avec paneleas preserve en hypothermie, respec-
tivement pendant 2, 4 ou 6 heures Nous avons utilise la solution de 
Largiader comme liquide de perfusion gravidique et de submersion Les 
résultats de cette deuxième sene d'expériences ont aussi ete étudies 
d'après la survie et l'évolution clinique des chiens receveurs, ainsi que 
d'après les determinations biochimiques journalières et les examens his-
tologiques, électroniques et histochimiques 
Ces résultats nous ont permis de tirer les conclusions suivantes 
1 Avec la methode précitée nous avons obtenu des survies atteignant 
jusqu'à 66 jours 
2 Pratiquement toutes les greffes sont sujettes a lejet, geneialement 
entre le cinquième et le septième )Our, parfois plus taid, notamment 
dans le cas d'un pancreas preseive 
3 Une therapie immunosuppressive postopératoire, même a dosage 
eleve, ne peut prevenir la crise de rejet 
4 De toutes les determinations biochimiques, c'est a dire la lipasemie, 
l'amylasemie, le taux et la différenciation des leucocytes, la calcémie, 
la glycémie et les tests intraveineux de la tolerance au glucose avec 
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determination de glucose et d'insuline, il apparaît que la lipasemie est 
celle qui revele le plus clairement et le plus constamment les anomalies 
qui marquent le debut du rejet Les changements de l'amylasemie, du 
nombie de leucocytes, de la glycémie et de l'insulinémie sont moins 
constants, moins distincts et plus tardifs. 
5. Les meilleurs parametres biochimiques de la fonction exocrine et 
endocrine de la greffe paraissent être respectivement la lipasemie et 
l'insulinémie durant les épreuves de surcharge au glucose. 
6 La compatibilite des chiens donneurs et receveurs est favorable 
a la survie des receveurs 
7 Les complications vasculaires, notamment les thromboses, semblent 
être a l'origine d'environ un tiers des décès, tandis que les chiens ayant 
survécu plus longtemps meurent des suites du rejet et de l'immunosup-
pression. 
8 Au point de vue histologique, une atrophie pancréatique et une 
fibrose progressive se manifestent dans tous les cas, avec ou sans préser-
vation. ce qui peut conduire chniquement à une insuffisance exocrine 
du pancréas. 
9 Cette atrophie et cette fibrose semblent apparaître déjà avant la 
crise de rejet, à la suite d'un oedème interstitiel se déclarant immédiate-
ment après la revascularisation D'autre part elles semblent être activées 
considérablement par le rejet cellulaire 
10 Par rapport au rejet, les îlots de Langerhans semblent être plus 
résistants que les structures exocrines, comme cela apparaît aussi bien 
des determinations de glucose et des épreuves de surcharge au glucose 
que des coupes histologiques et électroniques. 
11. La crise de rejet semble pouvoir être contrôlée par un traitement 
immunosuppresseur d'azathiopnne et de prednisone dans des doses adé-
quates 
12 Ni la conservation hypothermique en soi, ni la durée de cette 
preservation, jusqu'à 6 heures, ne semblent influencer la survie, la fonc-
tion de la greffe ou le rejet 
Dam le sixième chapitre les conclusions précitées sont détaillées et 
commentées. 
Le septième chapitie finalement est consacré à une description détail-
lée d'un chien ayant subi, suivant la méthode déente, une allotransplanta-
tion pancréatique substitutive Ce chien est aujoud'hui, plus de 9 mois 
après la transplantation, en d'excellentes conditions physiques. 
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STELLINGEN 
I 
De bepaling der lipasemie bij honden met een pancreaticoduodenaal 
transplantaat, gepaard aan duodenoenterostomie, is onontbeerlijk om 
een rejectiecnsis vroegtijdig op te sporen 
II 
Een 6 uurs-'cool storage'-preservatie van het duodenopancreas, gebruik-
makend van het Largiadcr-medium heeft geen nadelige invloed op de 
funkties van dit duodenopancreas als transplantaat bij de hond 
III 
De rejectie van een pancreaticoduodenaal tiansplantaat bij de hond ver-
oorzaakt een progressieve atrofie en fibrose van het pancreas, die voor 
het afnemen van de funktie van dit orgaan verantwoordelijk is 
IV 
Na pancreastransplantatic bij de hond zijn de exoknene acini vroeger aan 
rejectie onderhevig dan de endoknene eilandjes 
V 
Tijdens een totale colectomie bij patiënten met een meer dan 5 jaar du-
rende aktieve colitis ulcerosa dient de extirpatie van het rectosigmoid 
als noodzakelijk te worden beschouwd 
VI 
Bij bepaalde vormen van Morbus Cushing dient de medikamenteuze 
remming van de bijmerschorsfunktie verkozen te worden boven de chi-
rurgische bijnier-extirpatie 

VII 
Bij een patient met een stomp thoraxtrauma, een dalende bloeddruk en 
een radiologisch aantoonbaar verbreed mediastinum, is het bestaan van 
een thoracale aortaruptuur zo waarschijnlijk, dat alle maatregelen ge-
troffen dienen te worden, nodig voor het bevestigen van deze diagnose 
en het behandelen van een dergelijk letsel 
VIII 
In een met verwijde ductus choledochus kunnen zich concrementen be-
vinden 
IX 
De bewering van R Levine, als zou de verandering die dibenamine teweeg 
brengt in het contractiepatroon van een geïsoleerde kattemilt, welke met 
adrenaline gestimuleerd wordt, een typisch voorbeeld vormen van het zg 
non-competitieve antagonisme, is strijdig met de in de moleculaire farma-
cologie algemeen gangbare definitie van dit type antagonisme 
X 
Bij een patient met een akute hemorrhagisch-nekrotische pancreatitis 
moet van een duodenopancreatectomie worden afgezien 
XI 
De opleiding in de algemene heelkunde dient in alle EEG-landen minstens 
'S jaar te duren, om de toekomstig chirurg in staat te stellen naast chirur-
gische handvaardigheid, ook een adekwate chirurgische denkwijze te ver-
werven 
XII 
Het verrichten van chirurgisch-klinische werkzaamheden en het gelijktijdig 
voorbereiden van een proefschrift valt niet te combineren met een normaal 
familieleven 
11 oktober 1973 R H G G Van Нее 



